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Resumo

Sdo apresentados nesta dissertacdo quatro artigos elaborados a partir dos resultados obtidos
no estudo de caso realizado em um hospital publico do estado da Paraiba, considerando
aspectos econémicos, juridicos e ambientais. Energia solar fotovoltaica e a biomassa foram
incluidas na superestrutura de poligeracdo de uma unidade consumidora de grande porte,
para a geracdo distribuida de energia. Um modelo de otimizacdo baseado em Programacao
Linear Inteira Mista (PLIM) foi construido e resolvido para obtencdo da solugcdo 6tima
(configuracao e operacgdo otimizadas), desde objetivos econdmico e ambiental. Informacao
ambiental foi gerada pela aplicacdo da metodologia da Andlise de Ciclo de Vida (ACV)
para 0S equipamentos e recursos energéticos da superestrutura. Também se apresenta um
estudo, com base no direito comparado, da norma que regula a geracdo distribuida no
Brasil. Verificou-se, de forma geral, que, apesar do Brasil possuir uma legislacdo bastante
avangada e consolidada, ainda se carece de incentivos fiscais e econdémicos para tornar a
geracdo distribuida viavel. A otimizacdo econdmica sugeriu a utilizacdo da biomassa como
recurso nas caldeiras para producdo de &gua quente e vapor, e quando comparado a um
sistema convencional, apresentou custo anual 10,99% inferior. A solucdo ambiental
otimizada indicou a trigeracdo para minimizar os impactos ambientais produzidos pelo

sistema de abastecimento e converséo de energia.

Palavras-chave: Geracéo Distribuida, Otimizagao, Poligeragdo, Hospital.



Abstract

This M.Sc. dissertation includes four manuscripts, elaborated from the results obtained in a
study case carried out at a public hospital in the Paraiba state (northeast Brazil),
considering economic, legal and environmental aspects. Photovoltaic solar energy and
biomass were included in the polygeneration superstructure for a large-sized consumer
center, for distributed energy generation. An optimization model, based on Mixed Linear
Integer Programming (MILP), was built and solved for the obtainment of optimal
configuration and operation of the energy supply system under economic and
environmental viewpoints. Environmental information was generated by the application of
the Life Cycle Assessment methodology to the equipment of the superstructure as well as
energy resources available. The regulation that encompasses distributed generation in
Brazil is studied, in detail, on the basis of comparative law. It was verified, generally, that
despite a rather advanced and consolidated regulation is in force, there is still a lack of
fiscal and economic incentives to make distributed generation viable in Brazil. The
economic optimization suggested the utilization of biomass in boilers for the production of
hot water, and when compared to a conventional system, presented an annual cost 10.99%
lower. The environmental optimal solution indicated trigeneration to minimize the

envitonmental impacts produced by thesupply and conversion energy system.

Keywords: Distributed Generation, Optimization, Polygeneration, Hospital.
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Capitulo 1
Introducéo

1.1 Motivacgdo

No cenario mundial, apesar de o Brasil apresentar um grande potencial energético e
ter avancado significativamente nos ultimos anos no incentivo a utilizacdo das fontes
renovaveis ndo convencionais de energia, 0 uso destas, se comparadas ao de outros paises,
ainda é incipiente. A irradiacdo solar didria média anual do Brasil é de 1.500 a 2.400
kWh/mz2/ano enquanto que a da Alemanha, pais que é lider na producdo de energia solar
mundial, é de 900 a 1250 kwh/m?2/ano (PEREIRA et al., 2006).

A Resolucdo Normativa N° 482/2012 da Agéncia Nacional de Energia Elétrica
(ANEEL) foi aprovada para incentivar os pequenos produtores de energia renovavel (seja
de fonte hidraulica, solar, edlica, biomassa ou cogeracdo qualificada) para que possam
fornecer excedente a rede publica, obtendo assim, uma reducdo no valor a ser pago na
conta de energia. No entanto, observa-se que o alto custo de instalacdo, a regulamentagéo

obscura e a tributagéo aplicada afastam potenciais consumidores interessados.

No Estado da Paraiba, um dos lugares do Brasil com maior incidéncia de raios
solares (BRASIL, 2008; TIBA et al., 2000), até a presente data, apenas treze unidades
consumidoras estdo gerando energia sob a égide da Resolucdo Normativa N° 482/2012,

sendo sete delas no municipio de Jodo Pessoa (ANEEL, 2015).

Este projeto apresenta, por meio de um estudo de caso em um hospital publico
paraibano, algumas considera¢Ges econdmicas e ambientais sobre a otimizacdo de sistemas
de poligeracdo em unidades consumidoras que utilizem geracdo distribuida.
Adicionalmente, realizou-se uma anéalise, com base no direito comparado, do instrumento

legal que a regula.

Apesar da ferramenta aqui proposta ter sido utilizada para um estudo especifico,

com foco na Paraiba, o trabalho tem uma aplicacdo cientifica global, mais ampla. A
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abordagem na dimensdo local, e até mesmo o foco especifico no setor de edificios

terciarios, hospitalar, foi somente uma maneira de demonstrar a relevancia da ciéncia.

1.2 Objetivos

1.2.1 Objetivo Geral

Este trabalho tem como objetivos gerais:

a) A Anadlise juridico-econdmica e ambiental da utilizacdo da geracao distribuida
no Brasil com base na Resolu¢do Normativa N° 482/2012 da ANEEL (2012).

b) A Viabilidade da utilizacdo da energia solar fotovoltaica e da biomassa em um

sistema de poligeracdo instalado em um hospital paraibano.

c) A Andlise sob perspectivas econdmica e ambiental, incluindo principais

vantagens e desvantagens.

1.2.2 Objetivos especificos

Os objetivos especificos do presente trabalho sdo:

a) Apresentar a Resolucdo Normativa N° 482/2012 da Agéncia Nacional de

Energia Elétrica;

b) Realizar, com base no Direito Comparado, uma analise do modelo regulatério

adotado no Brasil;

c) Simular, através de dados contratuais reais e de demanda de energia de um
hospital paraibano, a utilizacdo da minigeracéao distribuida, tendo como uma das
fontes a energia solar fotovoltaica;

d) Analisar os custos e elaborar um plano de negdcio para utilizagdo da biomassa
em caldeiras para producdo de &gua quente e vapor de um sistema de

poligeracéo previsto para o hospital;

e) Quantificar as cargas ambientais dos equipamentos e recursos energeticos
previstos na superestrutura do hospital para subsidiar o modelo de otimizagéo

ambiental;
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f) Otimizar a configuracdo e a operacdo do sistema de poligeracdo do hospital,
objetivando a reducdo dos custos anuais e dos impactos ambientais, realizando
ainda analises de sensibilidade para verificar a resiliéncia das solucbes

encontradas;

1.3 Metodologia Adotada

A Figura 1.1 apresenta a metodologia adotada neste trabalho e consiste basicamente
em duas etapas: i) pesquisa bibliografica, tendo como alicerce tedrico a Resolugdo
Normativa N° 482/2012 da ANEEL e ii) estudo de caso, com a simula¢do do uso da
energia solar fotovoltaica e biomassa como recursos disponiveis para instalacdo em um

sistema de fornecimento energético para um hospital.

D Estudo da Resolucdo 482 e
Pesquisa Bibliografica [,z jise com base no Direito Modelo Espanhol
comparado.
Sl Caracterizagdo do Hospital
Ml Levantamento da Demanda
Energética
=l Analise de Ciclo de Vida

Figura 1.1: Metodologia adotada no trabalho

\ Metodologia

A fonte principal da pesquisa bibliografica serd a Resolucdo Normativa N°
482/2012 da ANEEL (ANEEL, 2012), cujo teor sera analisado, criticado e aplicado ao
estudo de caso para verificacdo de sua eficacia, vantagens e desvantagens. Adicionalmente
sera realizada uma pesquisa, com base no Direito Comparado, do modelo regulatério da
geracdo distribuida adotado na Espanha, para fundamentar a realizacdo de um estudo

comparativo ao modelo adotado no nosso pais.
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Para 0 estudo de caso, a pesquisa bibliografica sera alicercada principalmente nos
fundamentos do uso da Energia Solar Fotovoltaica para geracdo distribuida, e Biomassa
para utilizacdo em caldeiras. Para subsidiar a simulacdo desse sistema em um hospital, um
modelo de otimizacdo baseado em Programacdo Linear Inteira Mista (PLIM) sera
utilizado. A solucdo deste modelo permitira conhecer o valor de todos os fluxos
energéticos e o0 resultado de uma avaliagdo econbmica, selecionando a melhor
configuracdo do sistema (tipo e nimero de equipamentos) e a maneira mais conveniente de
opera-lo de modo a obter o minimo custo. Também se realizara a otimizacdo com critérios
ambientais, por meio da metodologia da Anélise de Ciclo de vida, de modo a se obter uma
solucdo 6tima com minimo impacto ambiental. Os resultados de ambas as otimizagdes

serdo comparados e interpretados.

Para os estudos econdmicos de analise de viabilidade, custos de implantacéo e
andlise de sensibilidade, serd necessario abordar alguns conceitos da Economia e da
Administracdo, tais como Custo Médio de Producdo, Andlise de Projetos e Modelos de
Negodcio. Também se prevé a realizacdo de analises de sensibilidade para a otimizagédo
ambiental, nas quais variar-se-80 0s impactos ambientais associados aos diversos recursos

energéticos disponiveis.

1.4 Organizacgéo da Dissertacéo

O modelo de dissertacdo apresentado ¢ o de um compéndio de artigos e foi

organizado de acordo com a seguinte estrutura:

No capitulo 2 sera apresentada a fundamentacdo tedrica e a revisdo bibliografica
necessaria para o alicerce doutrinario dos contetdos gerais apresentados neste trabalho.
Serdo apresentadas nocdes gerais sobre Geragdo Distribuida, Resolucdo Normativa
n°482/2012, Energia Solar Fotovoltaica, Otimizacdo de Sistemas de Poligeracdo, Biomassa
para uso em Caldeiras e Andlise de Ciclo de Vida. Nos capitulos seguintes, na introducéao
de cada artigo € apresentada uma fundamentacdo tedrica mais especifica para 0 assunto

abordado.

No capitulo 3 o artigo “Optimization of Energy Supply and Conversion in a
Northeast Brazil Hospital: Use of Photovoltaic Panels ”, aborda o estudo de caso realizado
com base nas informacfes de demandas energéticas do hospital caracterizado, com a

insercdo da energia solar fotovoltaica para geracdo distribuida em um sistema de
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poligeracdo previsto para atendimento a essas demandas. O objetivo do artigo é a
otimizagdo econdmica desse sistema com a apresentacdo de analise de sensibilidade e
resiliéncia dos resultados obtidos. Este artigo foi aceito para apresentagdo no “23™
International Congress of Mechanical Engineering” (COBEM), que acontecera no periodo
de 06 a 11 de dezembro de 2015 no Rio de Janeiro.

O artigo “Custo Médio de producdo e Modelo de Negdcio para utilizacdo de
Biomassa em Caldeiras de um sistema de poligeracdo de um hospital do Nordeste
Brasileiro” ¢ apresentado no capitulo 4 e teve como objetivo a analise econémica de trés
tipos de biomassa, como critério de escolha para utilizacdo em caldeiras para producdo de
agua quente e vapor do hospital. S8o apresentados modelos de negdcio para o
fornecimento de cada tipo de biomassa analisada, a saber: lenha, bagaco de cana de acucar
e pellets de madeira. Este artigo foi submetido ao IV Simposio Internacional de Gestao de
Projetos, Inovacdo e Sustentabilidade (IV SINGEP), que ocorrerd no periodo de 08 a 10 de
novembro de 2015.

O capitulo 5 é destinado a apresentacdo do artigo “Environmental Loads Associated
with a Polygeneration Superstrucure for a Tertiary Sector Building ”, cujo objetivo foi a
realizacdo da Andlise do Ciclo de Vida (ACV) dos equipamentos e recursos energeticos
disponiveis para o sistema de poligeracao do hospital caracterizado no estudo de caso. Este
artigo foi aceito para apresentacdo no “23™ International Congress of Mechanical
Engineering” (COBEM), que acontecera no periodo de 06 a 11 de dezembro de 2015 no

Rio de Janeiro.

No capitulo 6 foi apresentado o artigo “Life Cycle Analysis as a decision criterion
for the implementation of Solar Photovoltaic Panels in a Northeast Brazil Hospital” cujo
objetivo foi a otimizacdo, com base nos resultados obtidos no artigo do capitulo anterior,
em busca da configuracdo ambiental 6tima, a ser utilizada como critério de decisdo para
aquisicdo dos equipamentos. Este artigo foi apresentado na “Global Conference on Global
Warming” no periodo de 24 a 27 de maio de 2015, em Atenas, na Grécia, obtendo,
inclusive, indicacdo para publicacdo na revista International Journal of Global Warming,
1JGW.

A conclusdo é apresentada no capitulo 7, e em seguida, sdo relacionadas as

referéncias bibliogréaficas que fundamentaram a introdugéo e o capitulo 2 deste trabalho.
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As referéncias adotadas na construcdo dos artigos cientificos sdo apresentadas nos
respectivos capitulos.

No apéndice | sera apresentado o artigo desenvolvido sobre o tema, intitulado:
“Modelo Regulatorio da Microgeragdo e Minigeragao Distribuida no Brasil: Uma Anélise
com base no Direito Comparado”, cujo objetivo foi a realizagdo de um estudo de direito
comparado da legislacdo que regula a microgeragdo e minigeragdo distribuida no Brasil
com a legislacdo que regula a geracdo de energia para o autoconsumo na Espanha. Este
artigo foi submetido ao IV Simpdsio Internacional de Gestdo de Projetos, Inovacdo e
Sustentabilidade (IV SINGEP), que ocorrera no periodo de 08 a 10 de novembro de 2015.

Nos apéndices Il e Ill s&o apresentadas as linhas do programa de otimizagdo e 0s

dados de entrada.

As versdes dos artigos aqui publicadas incluem os comentérios, sugestdes e

corregdes da banca examinadora.
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Capitulo 2
Fundamentacdo Tedrica e Revisdo Bibliografica

2.1 Geracdo Distribuida

Diferente da geracdo convencional, onde a producdo de energia é feita por grandes
usinas, de forma centralizada, pode-se dizer que a Geracao Distribuida (GD) é a unidade de
producdo de energia elétrica realizada junto ou proxima do centro de consumo final, cujas
principais vantagens sdo a redugdo nos investimentos de transmissdo e das perdas na
distribuicéo.

Considera-se GD aquela que: (a) esta conectada a rede de distribuicdo; (b) esta
conectada ao lado de um consumidor conectado a algum ponto do sistema elétrico; (c)
supre cargas elétricas de uma instalacdo eletricamente isolada; ou (d) estd conectada
diretamente a rede de transmissdo, desde que, neste caso, ela ndo possa ser considerada
pertencente a geracdo centralizada (SEVERINO et al, 2008). Sdo exemplos de geracao
distribuidas as PCH’s — Pequenas Centrais Hidrelétricas, a cogeracdo, os geradores de
emergéncia e a utilizacdo de sistemas de painéis solares fotovoltaicos para geracdo de

energia.

No Brasil, o primeiro conceito de Geracdo Distribuida (GD) foi abordado no artigo

14 do decreto n° 5163/2004 (BRASIL, 2004), que regulamenta a comercializacdo de

energia elétrica, o processo de outorga de concesses e de autorizacdes de geracdo de
energia elétrica, e da outras providéncias:

Art. 14. Para os fins deste Decreto, considera-se geracdo distribuida a produgdo de energia

elétrica proveniente de empreendimentos de agentes concessionarios, permissionarios ou

autorizados, incluindo aqueles tratados pelo art. 8° da Lei no 9.074, de 1995, conectados diretamente

no sistema elétrico de distribuicdo do comprador, exceto aquela proveniente de empreendimento:
I - hidrelétrico com capacidade instalada superior a 30 MW; e

Il - termelétrico, inclusive de cogeracdo, com eficiéncia energética inferior a setenta e cinco

por cento, conforme regulagdo da ANEEL, a ser estabelecida até dezembro de 2004.
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Paragrafo Gnico. Os empreendimentos termelétricos que utilizem biomassa ou residuos de
processo como combustivel ndo estardo limitados ao percentual de eficiéncia energética prevista no

inciso 11 do caput (BRASIL, 2004).

Esse foi um contexto onde a geracdo distribuida era tipificada apenas para as
pequenas centrais hidrelétricas (PCH’s) cuja poténcia instalada fosse superior a 30 MW, as
termelétricas e a cogeracdo qualificada, no limite de eficiéncia inferior a 75% (setenta e
cinco por cento). A regulamentacdo do uso dos recursos renovaveis para geragdo apareceu,
nesse primeiro momento, apenas com a referéncia a biomassa e residuos de processo.

Também ndo se abordava a questdo da producéo de energia para 0 autoconsumo.

A GD tem, no Sistema Elétrico de Poténcia, inlmeras vantagens técnicas e
ambientais, tanto para o consumidor final quanto para a empresa distribuidora de energia,
repercutindo inclusive, na sociedade como um todo. Essas vantagens foram sendo
percebidas, mesmo que timidamente, e a GD comecou a ser utilizada pelas empresas
distribuidoras de energia elétrica no suprimento de energia de areas mais isoladas, em

sistemas remotos.

Hoje, no que se refere ao autoconsumo, pode-se dizer que é o atendimento
prioritario da GD. Apds a regulamentacdo da microgeracdo e minigeracao distribuida pelo
governo, o numero de instalagbes vem crescendo gradativamente, principalmente na classe

residencial (Figura 2.1).

Distribuicéio por classede consumo

1942%
3% 4

m Residencial

m Comercial

m Industrial

m Poder Publico
= Rural

B Grupo A

Figura 2.1: Distribuicdo da Microgeracdo e Minigeracdo por classe de consumo (BRASIL, 2015).

O Brasil possui 3351 agentes investindo no mercado de geracdo de energia elétrica,
dentre os quais, 533 sdo registrados como micro ou minigeradores, conforme 0s requisitos
estabelecidos pela Resolucdo n°482/2012 (BRASIL, 2015). Dentre as fontes mais
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utilizadas, a Energia Solar Fotovoltaica é a que mais se destaca, principalmente pela
abundancia do recurso energético no pais, além da facilidade de instalagdo, manutencéo e
operacdo dos equipamentos necessarios para a sua utilizagdo. Na Figura 2.2 apresenta-se a
expressiva utilizacdo da energia solar fotovoltaica como fonte para microgeracao e

minigeracéo distribuida no Brasil.
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Figura 2.2: Namero de Conexdes por fonte (BRASIL,2015).

2.2 Resolucdo Normativa n° 482/2012 da ANEEL

Diante da necessidade iminente de se incluir a geracdo distribuida na matriz
energética brasileira e, sob a perspectiva de que tal inclusdo exige uma consideravel
complexidade técnica de operacdo, onde o relacionamento entre a empresa distribuidora e
a unidade geradora/consumidora deve ser regulado, € que surge a Resolucdo Normativa
n°482/2012 (BRASIL, 2012).

Publicada pela Agéncia Nacional de Energia Elétrica (ANEEL), em 17 de abril de
2012, a Resolucdo Normativa n°482/2012 estabelece as condi¢cfes gerais para 0 acesso de
microgeracdo e minigeracdo distribuida aos sistemas de distribuicdo de energia elétrica e

define o sistema de compensacdo de energia elétrica (BRASIL, 2012).

Os conceitos de microgeracéo e minigeracédo distribuida sdo apresentados no art.2°,
I e 1l do referido instrumento normativo (BRASIL, 2012), sendo o primeiro, definido como
a central geradora de energia elétrica, com poténcia instalada menor ou igual a 100 kW e
que utilize fontes com base em energia hidraulica, solar, edlica, biomassa ou cogeracao

qualificada, conforme regulamentacdo da ANEEL, conectada na rede de distribuicdo por
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meio de instalagbes de unidades consumidoras; e o segundo, definido como a central
geradora de energia elétrica, com poténcia instalada superior a 100 kW e menor ou igual a

1 MW, que utilizem as mesmas fontes indicadas na defini¢cdo da microgeracao.

Com o objetivo de estimular a utilizacao de fontes renovaveis de energia e a adesao
de unidades micro ou minigeradoras, a Resolu¢gdo Normativa n°482/2012 regulamentou a
implantacdo do sistema de compensacdo de energia elétrica, onde o montante de energia
gerado pela unidade pode ser injetado na rede de fornecimento convencional, cuja
responsabilidade é da empresa distribuidora de energia, permitindo, no prazo de até 36
meses, uma compensacdo do que foi gerado pelo que foi consumido por esta unidade, ou
outra, desde que seja de mesma titularidade.

A norma estabeleceu ainda, o prazo de 240 dias, a contar da data da sua publicacéo,
para que as empresas distribuidoras de energia elaborassem e publicassem, de acordo com
0 mddulo 3 dos Procedimentos de Distribuicdo — PRODIST (BRASIL,2015), suas normas
e padrbes técnicos de conexdo da unidade geradora a rede convencional, sendo a
responsabilidade pelos custos da implantacdo do sistema do gerador/consumidor

interessado.

A forma estipulada para compensacéo de energia fixa a cobranga minima do custo
de disponibilidade, estabelecendo as regras do faturamento de acordo com o posto horario,
nos caso em que se aplica, determinando a compensacgdo da energia injetada com a energia
consumida dentro do ciclo de faturamento. Os créditos tém, no maximo, 36 meses para
serem compensados, apds esse prazo, a unidade geradora/consumidora perde os direitos de

compensagao.

Merecem destaque ainda, no texto normativo em estudo, os assuntos referentes as
responsabilidades das partes que pactuam na relacdo distribuidora e geradora/consumidora.
Pelos danos causados ao sistema elétrico, a Resolu¢do Normativa n°482/2012, remetendo
aos arts. 164 e 170 da Resolugdo Normativa n° 414/2010, estabelece que a
responsabilidade pela instalagdo de equipamentos corretivos, que promovam o
ressarcimento dos danos causados pelos disturbios ou danos causados ao sistema elétrico
de distribuicdo pelo consumidor/gerador, € deste. Adicionalmente, o fornecimento de
energia podera ser suspenso por deficiéncia técnica ou de seguranca na unidade
geradora/consumidora (BRASIL, 2010). No caso de divulgacéo e coleta das informacdes

referentes as unidades geradoras, a responsabilidade é da empresa distribuidora de energia.
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2.3 Energia Solar Fotovoltaica

A energia solar fotovoltaica é caracterizada pela producdo de corrente elétrica
através da captacdo direta da luz solar. Essa corrente é coletada e processada por
dispositivos controladores e conversores, podendo ser armazenada por baterias ou utilizada
diretamente em sistemas conectados a rede elétrica (VILLALVA & GAZOLLI, 2013).

Os sistemas fotovoltaicos autbnomos sdo aqueles utilizados principalmente em
locais onde ndo existe o atendimento por rede elétrica. Também sdo chamados de sistemas
isolados e podem ser empregados em dareas rurais substituindo os geradores movidos a

diesel, diminuindo assim a poluicéo e o ruido.

Basicamente, 0s equipamentos que compdem um sistema fotovoltaico autbnomo
sdo: Maodulo ou painel solar e o inversor de tensdo. Em algumas aplicacbes exigem-se
baterias e o controlador de carga, cuja funcédo principal é prolongar a vida util da bateria,
protegendo-a contra sobrecarga ou descargas excessivas. O dimensionamento de um

sistema de geracao solar fotovoltaico € explicado nos topicos a seguir.

2.3.1 Método da insolagdo

E 0 método utilizado quando se tem a informacéo sobre a energia do sol disponivel
diariamente no local da instalacdo, que podem ser encontradas em mapas solarimétricos ou

através de alguma ferramenta computacional.

Ep =Es x AMx 7M. (2.1)
Em que:
Ep = Energia produzida pelo modulo diariamente [Wh]
Es = Insolacio Diaria [Wh/m?/dia]
AM = Area da superficie do médulo [m?]
nM = Eficiéncia do modulo

O dimensionamento das baterias consiste em determinar os tipos, a quantidade e a

forma de disposicao das baterias que serdo utilizadas no sistema (Equacges 2.2- 2.5).

22



Vbanc

NBS= . (2.2)
Vbat

Em que:

NBS = Numero de baterias ligadas em série
Vbanc = Tensdo do banco de baterias [V]

Vbat = Tenséo da bateria utilizada [V]

Chanc =

VbE;C . (23)
Em que:

Chanc = Capacidade do banco de baterias em ampére-hora [Ah]

EA = Energia armazenada no banco de baterias [Wh]

Vbanc = Tenséo do banco de baterias [V]

EC
= . 2.4
PD 24)

Em que:
EA = Energia armazenada no banco de baterias [Wh]
EC = Energia consumida [Wh]

PD = Profundidade de descarga permitida

O levantamento da Energia Consumida (EC) é feito multiplicando-se a poténcia

em Watts de cada equipamento pelo tempo em horas em que o mesmo fica em uso.

_ Chanc

NPB . (2.5)
Chat

Em que:

NPB= Numero de conjuntos de baterias ligados em paralelo
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Cbanc = Capacidade do banco de baterias em ampére—hora [Ah]

Chat = Capacidade de carga de cada bateria em ampére-hora [Ah]

2.3.2 Atendimento com implantacdo de sistema de geracdo Fotovoltaica em
paralelo com o sistema interligado da concessionaria de energia

Atualmente em grande expansdo, 0 uso da energia solar fotovoltaica € o que mais
cresce em todo o mundo, principalmente no que se refere a produgdo para o autoconsumo.
No Brasil, com a publicacdo da Resolugdo Normativa n°482/2012 da Agéncia Nacional de
Energia Elétrica (ANEEL, 2012), que estabelece as condicBes gerais para 0 acesso a
microgeracdo e minigeracdo distribuida, aos sistemas de distribuicdo de energia elétrica, a
utilizacdo dessa fonte de energia também vem crescendo. A possibilidade de compensacéao
da energia consumida pela gerada, aliada a praticidade de instalacdo e manutencdo do

sistema, o torna bastante atrativo.

O sistema fotovoltaico hibrido opera em paralelo ao sistema convencional de
fornecimento (rede elétrica) e € empregado em locais que j& dispdem do atendimento. Seu
principal objetivo é gerar a eletricidade para reduzir, ou até eliminar o consumo, e ainda,

ter a possibilidade de gerar excedentes de energia.

O dimensionamento do sistema fotovoltaico hibrido ¢ realizado da mesma maneira
que a do sistema autdbnomo. A grande diferenca entre os dois esta na filosofia do inversor
que € utilizado. Nos sistemas conectados a rede os inversores s6 funcionam quando

conectados.

2.4 Otimizagdo de Sistemas de Poligeracao

Dentre as varias possibilidades existentes para configurar um sistema energético,
pode-se citar principalmente a maneira tradicional (equipamentos convencionais, cujas
conversdes individuais de energia atendem as demandas energéticas do centro consumidor)
e a utilizagdo principios de integracdo energética (mais elaborada, que aproveita ao
méaximo os fluxos de energia). Define-se poligeracdo como sendo a produgdo combinada
de dois ou mais servigos energéticos, cujo objetivo é atingir o maximo aproveitamento das
diversas fontes de energia utilizadas. Apresenta como principal vantagem o uso eficiente
dessas fontes, ja que nos sistemas de poligeragdo, exige-se um estudo mais detalhado da

relagdo geracdo-consumo. Destacam-se ainda como vantagens, a confiabilidade e a

24



continuidade no fornecimento de energia, além de um melhor aproveitamento, se
comparados a sistemas autbnomos. Tanto a poligeragdo quanto a integracdo energética séo
ferramentas promissoras para alcangar uma melhor eficiéncia no uso dos recursos naturais,
e na maioria dos casos, também uma reducao nos impactos ambientais gerados (SERRA et
al., 2009).

Como j& visto, a poligeracdo tem como principal objetivo a diversificagdo das
fontes energéticas, caracterizada pela producdo combinada de energia elétrica e térmica, e
pode até incluir a dessalinizacdo de agua (RUBIO-MAYA, UCHE, MARTINEZ, 2011) e
producdo de syngas e syndiesel (YANG, 2013; ROMERO, CARVALHO, MILLAR,
2014a).

A otimizacdo de sistemas de poligeracdo para fornecimento de energia ainda € um
problema complexo, devido a grande variedade de opcbes tecnoldgicas para o
fornecimento e conversdo de energia, grandes variagcdes didrias e anuais nas demandas
energeéticas, e ainda variacbes dos precos e tarifas de energia. Segundo Shang e Kokossis
(2005), esta variabilidade presente nas demandas energéticas requer uma metodologia de
projeto que resulte em sistemas que produzam eficientemente (objetivo termodinamico),
sejam capazes de se adaptar a diferentes condi¢cbes de demanda e mercado (flexibilidade

operacional), além de operar com custo econémico minimo.

Segundo Serra et al. (2009), aparte dos métodos heuristicos, existem duas formas
de se abordar a sintese de um sistema de fornecimento de energia: analise termodinamica e

otimizacao.

A analise termodindmica possui 0 objetivo de minimizar as perdas de energia e tem
a vantagem de proporcionar informagdes sobre o sistema, além de ser mais simples do
ponto de vista computacional. Algumas metodologias comumente aplicadas a analise de
sistemas de energia sdo a analise termoeconémica e o método pinch. Porém, a analise
termodinamica ndo oferece condicdes para resolver diferentes tipos de problemas de
maneira sistematica nem simultanea (CARVALHO, 2011).

A programacdo matematica ¢ um exemplo de forma de otimizagdo, amplamente
aplicada ao projeto e engenharia de processos (BIEGLER, GROSSMAN, 2004,
FRANGOPOULOS, 2009). Mais especificamente, a programacao linear inteira (PLI) lida
com variaveis binarias ou inteiras para expressar quantidade, deciséo, e relagdes logicas.

PLI consegue lidar com a complexidade inerente a otimizagdo de sistemas poligeracdo e
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consiste em basicamente trés etapas (Grossmann et al., 2000): i) Estabelecimento de uma
superestrutura de equipamentos e recursos disponiveis (representacdo de todas as
alternativas possiveis); ii) Formulacdo de um modelo matematico que represente todas as
formas possiveis de operacdo por meio de variaveis discretas e que utilize variaveis
continuas para representacdo de fluxos e fundos; e iii) Determinacéo da solucdo otimizada,
a partir da resolu¢do do modelo matematico. Segundo Carvalho (2011), esta abordagem
usa potentes algoritmos matematicos para resolver o problema de otimizacdo, que pode

incluir mudangas nos parametros do processo, sua estrutura, ou restricoes.

A otimizacdo de sistemas de fornecimento de energia significa buscar um projeto
que atenda ao objetivo desejado (maximizacdo da eficiéncia energética ou redugdo de
perdas, por exemplo). O processo de busca é constrito ao modelo do sistema, que esta
caracterizado por restrices matematicas exatas e inexatas. Os centros consumidores, alvo
do processo de otimizacdo, podem ser edificios comerciais ou residenciais, ou até mesmo
indUstrias. Hospitais tem sido objetivo frequente de otimizagdes, ja que possuem demandas
estaveis e expressivas, e funcionam ao longo de todo o ano, 24 horas por dia. Estudos
sobre a otimizacdo de sistemas de poligeracdo em hospitais foram realizados na lItélia
(ZIHER, POREDOS, 2006; ARCURI, FLORIO, FRAGIACOMO, 2007), Espanha
LOZANO et al, 2009) e Canadd (ROMERO, CARVALHO, MILLAR, 2014a), mas nada
havia sido realizado no Brasil até o momento que considerasse ndo somente a
configuracdo, mas também a operacdo do sistema, com a inclusdo de recursos renovaveis e
aspectos legais. Estes estudos citados desenvolvem a otimizacdo do sistema de
fornecimento de energia a parir de um ponto de vista econdmico (minimizando os custos

anuais).

2.5 Biomassa

A biomassa pode ser definida de maneira geral como qualquer massa ou residuo
organico de matéria viva que se encontre na natureza. Em termos energéticos, se

caracteriza pela sua capacidade de ser utilizada como combustivel ou para a sua producao.

Biomassa € toda a massa de matéria viva, animal ou vegetal, que vive em equilibrio
numa determinada area da superficie terrestre. Do ponto de vista da producdo de energia é
toda a massa organica que pode ser usada como combustivel ou para a sua producao.
Apesar dos combustiveis fosseis como petréleo, carvdo ou gas natural, também sejam

derivados de matéria organica, precisam de milhares de anos para serem gerados, por isso
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ndo sdo considerados biomassa pois ndo S0 recursos naturais renovaveis a curto prazo
(NOGUEIRA; RENDEIRO, 2008).

De acordo com o Balanco Energético Nacional (BEN, 2015), em 2014, a
participacao de fontes renovaveis na Matriz Energética Brasileira manteve-se entre as mais
elevadas do mundo (Figura 2.3), com uma pequena reducdo em relagdo ao ano de 2013,
devido a menor oferta de energia hidraulica. Na lista das fontes que compBem esse
percentual, formado pelas renovaveis na matriz brasileira, a biomassa de cana de acucar
lidera o ranking em oferta de energia interna no Brasil (15,7%). Atualmente, esse recurso
vem sendo cada vez mais utilizado na geragéo de eletricidade, principalmente em sistemas
de cogeracdo e no suprimento de eletricidade para demandas isoladas da rede elétrica
(BRASIL, 2015).

OCDE (2012}
Munde (2012}
EBrasil (2013)
Brasil (2014)
0% 20% 40% 60%% 0% 100%
B Eenovaveis M NHo Fenovaveis

Figura 2.3: Participacdo de Fontes Renovaveis na Matriz Energética Mundial (BEN,2015).

O uso da biomassa tem crescido bastante no Brasil, sobretudo a biomassa residual,
proveniente dos residuos de culturas como cana-de-agucar, mandioca, soja, sorgo, milho e
eucalipto. A mais difundida ainda € a oriunda da cana-de-agtcar, amplamente incentivada
pelo governo desde a criacdo do Programa de Incentivo as Fontes Alternativas de Energia
Elétrica (PROINFA) no ano de 2002, proveniente da necessidade em se conter as crises
energéticas ocorridas no pais, provindas da falta de petroleo, carvdo e agua (BRASIL,
2002).

Mesmo tendo uma natureza diferenciada, pois na sua utilizacdo como combustivel,

na maioria das vezes, necessita de algum tratamento antes de ser utilizada no processo de
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conversdo de energia, uma das principais vantagens da biomassa é que também pode ser
usada de forma direta, por intermédio da combustdo em fornos e caldeiras. Uma dessas

aplicacdes é apresentada no capitulo 5 deste trabalho.

Para aumentar a eficiéncia do processo e reduzir impactos socioambientais, tem-se
desenvolvido e aperfeicoado tecnologias de converséo mais eficientes, como a gaseificacao
e a pirolise, também sendo comum a cogeracao em sistemas que utilizam a biomassa como
fonte energetica (BRASIL, 2008). A biomassa pode ser convertida em trés tipos de

combustiveis, os denominados biocombustiveis:

a) Biocombustivel sdlido: o aproveitamento energético é normalmente realizado
por combustdo direta. A biomassa € recolhida e transportada até o local da sua
utilizacdo;

b) Biocombustivel liquido: exemplo do biodiesel, etanol, 6leo, obtidos a partir de

"culturas energéticas", podem ser utilizados na substituicdo total ou parcial

como combustiveis para veiculos motorizados e grupos geradores;

c) Biocombustivel gasoso: a obtencéo e feita a partir do processo de gaseificacédo e
pode ser realizado a partir da degradacdo bioldgica anaerdbia da matéria
organica, sendo transformado em biogés, e seu potencial energético €
aproveitado através da queima para obtencdo de energia térmica ou elétrica.

A utilizacdo do biocombustivel sélido, a exemplo da lenha, bagagco de cana de
acucar ou pellets em caldeiras para producdo de vapor e agua quente em hospitais, a
exemplo do que ja acontece na Europa, pode reduzir o consumo de energia, eficientizar a

instalagdo e diminuir a emissdo de CO;ao meio ambiente.

2.6 Anélise de Ciclo de Vida
Segundo a ABNT (2015), a NBR 1SO 14.040, que dispde sobre a gestdo ambiental,

a Analise de Ciclo de Vida (ACV) estuda os aspectos ambientais e os impactos potenciais
ao longo da vida de um produto (i.e., do “ber¢o ao timulo”), desde a aquisicdo da matéria-
prima, passando por producéo, uso e destinacdo (seja descarte ou reciclagem). Hinz et al.
(2006) mensura a ACV como uma metodologia simples, capaz de facilitar a analise dos
impactos ambientais gerados pelas atividades de uma empresa. A partir da criacdo dessa
metodologia, € possivel verificar ndo apenas a prevencdo da poluicdo em si, mas uma

sistematica confiavel que possa ajudar no processo decisorio, a fim de gerar o menor
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impacto ambiental possivel, e inclusive comparar outros métodos na mesma andlise (HINZ
et al., 2006).

Um bom exemplo de sua aplicacéo seria a adocdo da ACV nos edificios. A ACV é
uma ferramenta de gestdo eficaz, por ser capaz de detectar os impactos causados ao meio
ambiente em cada etapa de sua vida Util, desde a extracdo de matéria prima e seu
transporte, consumo de energia necessdria a fabricacdo dos materiais e residuos
produzidos, terraplenagens, consumo de dgua e energia necessarios a construcao e uso da
edificacdo, demolicdo e manutencdo. De modo a avaliar e propor alternativas que

minimizem as cargas ambientais potencialmente produzidas (Projeto EnerBuiLCA, 2012).

A ACV ja foi reconhecida pela Unido Europeia como metodologia estado-da-arte
para quantificacdo de impactos ambientais e incluiu aspectos relacionados no 62 Programa
de Acdo Ambiental (6th Environmental Action Programme, que assegura que legislagdes
ambientais sejam adotadas para atacar a maioria dos desafios ambientais na Uniéo
Europeia) (EIONET, 2003).

No Brasil, apesar da ACV tratar-se ainda de uma metodologia relativamente recente
e pouco conhecida no ambito gerencial (sendo mais difundida no meio académico), sua
utilizacdo na analise e nos critérios de decisdo devera seguir a tendéncia global. Segundo
Barbosa Junior et al.(2007, p.4), a ACV caracteriza-se por ser uma forte tentativa de
integracdo da qualidade tecnolégica do produto, com a qualidade ambiental, gerando um
valor ecoldgico agregado para o consumidor, representando assim, uma mudanca
estratégica importante (BARBOSA JUNIOR et al., 2007, p. 4).

A utilizacdo das técnicas de ACV ndo se limita a quantificacdo das cargas
ambientais de um produto, processo ou servico, pois ao ser utilizada como uma prética de
gestdo, permite a comparacéo de diferentes alternativas, visualizando aquela que apresenta
menor impacto ambiental e ajudando o gestor responsavel na tomada de decisdo. Ferreira
(2004, p. 11) adverte que a elaboracdo de um estudo de ACV necessita normalmente de
muitos recursos e demanda um tempo razoavelmente longo. Além disso, as informacGes
desenvolvidas por este estudo devem ser utilizadas como uma componente de um processo
de decisdo que conta com outras componentes, tais como: o custo e a performance do

produto ou processo.
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Nesse contexto, agregar os resultados de ACV em um sistema de otimizacdo de
recursos energeticos para obtencdo de um modelo ambiental 6timo ja passa a ser uma
realidade, tendo em vista que, nas condi¢fes atuais, uma analise puramente econémica nao
é suficiente. Barbosa Junior et al. (2007, p. 3) destacam que no longo prazo, a avaliacdo do
ciclo de vida pode prover mudangas tecnoldgicas fundamentais na producdo e nos
produtos, principalmente, devido ao efeito multiplicador ao longo da cadeia de producao,
através do uso otimizado de energia e de materiais, bem como de adocdo de linhas de

reciclagem e de reuso nos processos.

30



Capitulo 3
Artigo 1 - Optimization of Energy Supply and Conversion
in a Northeast Brazil Hospital: Use of Photovoltaic Panels

Danielle Bandeira de Mello Delgado

Universidade Federal da Paraiba, Programa de Pé6s Graduagdo em Energias
Renovaveis, Centro de Energias Alternativas e Renovaveis. Caixa Postal 5115,
Cidade Universitéria, Jodo Pessoa - PB, 58059-970. Brasil. +55 83 3216 7268

Ricardo Chacartegui

University of Seville, Higher Technical School of Industrial Engineering. Camino
de los Descubrimientos s/n, 41092 Seville, Spain. +34 954 48 72 43
ricardoch@us.es

Luiz Moreira Coelho Junior

Universidade Federal da Paraiba, Programa de PoOs Graduacdo em Energias
Renovaveis, Centro de Energias Alternativas e Renovaveis. Caixa Postal 5115,
Cidade Universitaria, Jodo Pessoa - PB, 58059-970. Brasil. +55 83 3216 7268

Monica Carvalho

Universidade Federal da Paraiba, Programa de POs Graduacdo em Energias
Renovaveis, Centro de Energias Alternativas e Renovaveis. Caixa Postal 5115,
Cidade Universitaria, Jodo Pessoa - PB, 58059-970. Brasil. +55 83 3216 7268

ABSTRACT

The introduction of new energy sources in an energy supply and conversion system
can be analyzed through optimization projects and from information on energy
demands and equipments utilized in a specific consumer center. In the energy
system presented herein, the following energy demands were considered:
electricity, heat, steam and coolth. The consumer was a hospital, located in the city
of Northeast Brazil. Commercially available equipment was considered as well as
the possible utilization of two renewable energy resources: solar energy and
biomass. Considering the installation of 200 photovoltaic solar panels, an optimal
system was characterized as a result of the solution of a mixed integer linear
program, which considered the annual total cost as the objective function to be
minimized. For this scenario, the optimal solution included the utilization of
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biomass as an energy source to hot water and steam, with an annual cost 11% lower
than the conventional solution.

Keywords: polygeneration, photovoltaic solar energy, biomass, optimization, linear
programming.

3.1 Introduction

Among the several existing possibilities to configure an energy system, the most
known and utilized are the traditional system (with conventional equipments that realize
single energy conversions to satisfy the energy demands of a specific consumer center),
and the system based on energy integration (more elaborated, and makes the best use of
energy flows). Polygeneration is defined as the combined production and utilization of two
or more energy services, reaching the maximum use of the different energy sources
available. Its main advantage is the efficient use of energy, since in polygeneration systems
a more detailed study of the relationship generation-consumption is required. Other
advantages include reliability and continuity in energy supply, besides a better use, when
compared to autonomous systems. Both polygeneration and energy integration are
promising tools to reach higher efficiency levels in the use of natural resources, and in the
majority of cases, also a reduction in the environmental loads generated (Serra, Lozano,
Ramos, Ensinas & Nebra, 2009).

In this context, some consumer centers stand out due to their high energy
consumption, and others, such as hospitals, due to the continuous and simultaneous
requirements for electricity and heat. Hospitals are, therefore, excellent centers for the
potential implementation of polygeneration systems, since comfort conditions as well as
electricity, hot water, heating and cooling must be continuously maintained. Recent studies
have focused on the optimization of energy supply systems in hospitals (Ziher & Poredos,
2006; Arcuri, Florio & Fragiacomo, 2007; Lozano, Ramos, Carvalho & Serra, 2009;
Romero, Carvalho & Millar, 2014a), but the optimal configuration of these systems is still
a complex problem, due to the great variety of technological options for the supply and
conversion of energy, daily and annual variations in energy demands, and yet variations in
the prices and tariffs of energy. According to Shang and Kokossis (2005), the variability
present in energy demands requires a project methodology that results in systems that

produce efficiently (thermodynamic objective), that are capable of adapting to different
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demand and market conditions (operational flexibility), and that also operate with

minimum cost.

This study adapts and extends the methodologies established in Romero, Carvalho
e Millar (2014a; 2014b), which were based on Mixed Integer Linear Programming (MILP),
a tool that has been widely applied to the optimization of energy supply systems
(Yokoyama, Hasegama & Ito, 2002; Ren & Gao, 2012). The objective of the study
presented herein goes a step further by considering photovoltaic solar energy as an
available energy resource in the polygeneration superstructure. The superstructure of an
energy system must contain, even if in a redundant manner, all energy resources that are
available at the consumer center location. Also are included equipments that realize energy
conversions, to guarantee that the energy demands are satisfied, either by a single
equipment or by a combination of several (carrying out multiple stages of energy
conversion, for example). Local energy resources must be part of the superstructure: in the
case of Gussing (Austria), the utilization of local biomass eliminated the dependency on
imported electricity (Hofbauer, Reinhard, Klaus, Reinhard & Christian, 2002). For
Northeast Brazil, and more specifically the city of Jodo Pessoa, solar energy is an
important option. Obviously, an energy resource (local or not) can be part of the
superstructure but not of the optimal solution. Due to its importance, factors such as the
configuration of the system (type of technology employed and number of installed
equipment) and operational strategy (operation mode of equipments throughout the year,
including purchase flows of energy resources). Biomass can also be an attractive option, in
the form of sugarcane bagasse, coconut straw, coconut shell, among others. Initiatives for

the use of civil construction wood residues can also be important origins of biomass.

The energy of the sun can be used for heating as well as for the production of
electricity. In Brazil, although still in a very shy manner, the utilization of this type of
energy has been increasing each year. Besides economic and environmental advantages,
there is a necessity to "ripen™ the use of this resource given its high availability in the
country, and also to accompany the global trends and favor its utilization in public and

economic development politics.

The utilization of photovoltaic solar energy in Brazil nowadays is basically in
autonomous systems (islanded), where the installation of distribution lines for electricity is

not economically viable (Villalva & Gazoli, 2013). This is also the scenario of utilization
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in Northeast Brazil, where many locations still do not present connection to the electric
grid. However, after resolution n°482/2012 from the National Electric Energy Agency (In
Portuguese: ANEEL), the utilization of photovoltaic solar energy in distributed systems,
i.e., connected to the electric grid, tends to grow. Currently there are 150 microgeneration
enterprises installed in Brazil, of which 32 are located in Northeast Brazil (ANEEL, 2014).

According to Lozano et al. (2009), the most influential factors at the time of
installing an energy supply system are the availability of fuels, price of electricity, prices of
other fuels and their relationships with the price of electricity, as well as the legal
conditions to sell self-generated electricity to the grid. The optimization model proposed
herein compares the economic balances for all viable configurations contained in the
superstructure of the energy system, and provides both the optimal configuration and

optimal operation mode.

3.2 Material and Methods

3.2.1 Energy Supply and Conversion System

Polygeneration has the main objective of diversifying energy sources, characterized
by the combined production of electric and thermal energies, and can include water
desalinization (Rubio-Maya, Uche & Martinez, 2011), and production of syngas and
syndiesel (Yang, 2013; Romero, Carvalho & Millar, 2014a). The idea is to always
optimize the use of the available resources and satisfy the energy demands of a specific
consumer center. For the polygeneration system herein presented, only the economic
analysis motivates the decision for its installation. Legal and environmental aspects are not
considered at this moment, once traditionally, investments in polygeneration always

compete with other projects that can prove to be more economic.

Traditionally, thermodynamic and optimization approaches are the two main
techniques utilized to synthesize an energy supply system (not considering heuristic
models) (Serra et al., 2009). The thermodynamic approach applies thermodynamic analysis
to reduce energy losses while providing information on the characteristics of the system.
This approach presents the advantage of requiring simpler calculations. Linhoff and Flower
(1978) used the thermodynamic approach for the synthesis of heat exchanger networks,

maximizing heat recovery, Bejan and Mamut (1999) compiled a comprehensive
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assessment of the methodologies of thermodynamic optimization, and Favrat (2013)
discussed the strengths and limits of this approach. For the analysis of thermal systems, the

most used thermodynamic methodologies are thermoeconomic and pinch analysis.

However, thermodynamic approaches on their own cannot tackle the more holistic
considerations needed for modern energy systems (Favrat, 2013) or provide the solution of
different classes of problems in a systematic manner (Kim & Han, 2001). Also,
thermodynamic methods are not adequate for the optimization of several different
structures simultaneously (Tveit, Aaltola, Laukkanen, Laihanen & Fogelholm, 2006). An
example of the optimization approach is mathematical programming, which combines
binary, integer and continuous variables. Minoux (1986) presents the theory and
algorithms for mathematical programming, Biegler and Grossman (2004) also present an
overview of the technique along with applications to design and system engineering, and
Grossman (2012) presents the advances in mathematical programming models. Mixed
Integer Programming (MIP) restricts variables to binary and/or integer values (e.g., for
decisions -yes/no-, counting -number of equipment-, and logical relationships). MIP is
especially useful for the synthesis of energy supply systems and comprehends three
important steps (Grossmann, Caballero & Yeomans, 2000): i) definition of a superstructure
(representing all options of equipment and energy resources); ii) elaboration of a
mathematical model that includes all operation options in the form of discrete variables,
with continuous variables representing flows; and iii) solution of the model, which

provides the optimal solution.

3.2.2 Consumer Center and Considerations on the Study Case

The consumer center studied is a university hospital, with a total area of 49.000 m?,
and 420 beds, located in the city of Jodo Pessoa, state of Paraiba, Brazil. The following
energy demands were considered; electricity, hot water, steam and coolth. The study
extends itself throughout a period of one year, distributed in two representative days (week
days and weekend/holidays) per month. Each day is divided into 24 hourly periods,
yielding 576 different operation periods throughout the year.

Real electricity data was available, and the calculation of representative energy
demands for hot water, heating, and coolth utilized the sequential application of the
degree-days method (Erbs, Klein & Beckman, 1983), climate data (CLIMATICUS 4.2,
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2005), occupation data (Nepote, Monteiro & Hardy, 2009) and data from energy audits
(Aradjo, 2004). Figure3.1 a to h show the energy demands for weekdays and
weekends/holidays, for a summer month (January), a fall month (April), a winter month

(July), and a spring month (October).

The hospital presents the following annual energy demands: 2791 MWh of
electricity, 1947 MWh of hot water, 138 MWh of steam, and 2309 MWh of coolth.
Electricity was charged with a blue hour-seasonal tariff, presenting differentiated tariffs for
peak and off-peak periods: US$51.60/MWh for off-peak periods, and within the peak
periods (between 18h and 21h) the value is US$79.60/MWh.

Steam demand was considered constant during the period in which the sterilization
central is open, during 6h and 20h, in addition to the steam demand of a hot counter in the
restaurant, during lunch and supper times. The hot water demand presents two
contributions: laundry (operating between 8h and 18h), and the internal use of the hospital

(no interruptions).

The tariff for natural gas (US$48/MWh — PBGAS, 2013) does not include hourly or
seasonal differentiation, and if equipment that is driven by natural gas is installed, the costs
already include connection to the distribution network (gaseoducts). The Higher Heating
Value (HHV) of natural gas (9,400 kcal / m3), along with its tariff for industrial use (US$
0.52/ m3), were utilized to calculate the cost per MWh (PBGAS, 2013).

The tariff considered for diesel (US$59.60/MWh) also does not consider hourly or
seasonal differentiation, and the costs of installation of equipment driven by diesel include

the costs associated with storage.
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Figure3.1(a — h): energy demands for weekdays (left) and weekends/holidays (right), for January (a, b) April
(c, d), July (e, f) and October (g, h).

The biomass considered herein originates from sugar cane bagasse. The state of
Paraiba counts with nine sugar cane plantations that extend to 26 municipalities along the
coast line, all located in the proximity of Jodo Pessoa (Nova Cana, 2015). This energy
resource was considered basically to meet the hot water and steam demands of the hospital
(through boilers). Considering a Lower Heating Value of 3200 kcal/kg (Alfa Laval, 2015),
20 % humidity, and the price of US$ 48.00 per tonne of sugarcane bagasse (Cana Online,
2015), the final price utilized in the optimization model was US$ 13.20/MWh for biomass.
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3.2.3 Photovoltaic Solar Energy

Photovoltaic (PV) solar energy is characterized by the production of electrical
current through the direct catchment of solar light. This current is collected and processed
by control and conversion devices, and can be stored in batteries or directly utilized in

systems connected to the electric grid (Villalva & Gazoli, 2013).

Currently in wide expansion, the use of this type of energy is the fastest-growing
around the world. In Brazil, with publication of regulation n® 482 by Brazilian Electricity
Regulatory Agency (In Portuguese: ANEEL) (ANEEL, 2012), which establishes the
general conditions for distributed microgeneration and minigeneration access to electricity
distribution systems, the utilization of PV energy is also in the spotlight. The concepts of
microgeneration and minigeneration are presented in regulation n® 482 (ANEEL, 2012):
microgeneration is the electricity generation system with installed power under 100 kW
and that utilizes hydraulic, solar, wind, biomass, or qualified cogeneration energy,
according to ANEEL regulations, and connected to the distribution grid through consumer
unit installations. Minigeneration is defined as an electricity generation system with
installed power between 100 kW and 1 MW, and that utilizes the same sources indicated in

the definition of microgeneration.

The motivation for the use of PV energy arises due to the practicality of its
implementation and simple maintenance. Additionally, regulation n°482 (ANEEL, 2012)
indicates the possibility of an energy compensation system, where the surplus generated
electricity is fed into the distribution grid and registered as energy credits, which can be

consumed in up to 36 months.

The studies that propose the utilization of PV solar energy in hospitals are not
recent. Between the years of 1987 and 1990, a project that utilized PV solar systems for
emergency lighting was applied to the District Hospital of Bawku, in Ghana (Santos &
Jabbour, 2013). In 2006, theoretical studies in an Italian hospital investigated the
utilization of PV energy in hybrid systems, and an Iranian hospital study demonstrated that
the amount of natural gas required to meet the hospital demands could be halved with the
incorporation of PV solar energy in a hybrid system that included cogeneration (Santos &
Jabbour, 2013).
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The proposal of this study is to introduce, within the polygeneration superstructure,
PV panels for electricity production, interconnected to the distributed grid. The PV
generation system is basically constituted by PV panels and inverters only, as electricity
storage will not be considered at this point. Information was obtained from consultation to
PV panel (Kyocera, 2014) and inverter (Santerno, 2014) manufacturers. The cost of the
system was US$ 880/panel, already including the cost for the panel, inverter, installation
materials, transportation and assembly. The area of the panels is 1.64 m% The costs
considered for maintenance are low, and for large systems as in condominiums and
hospitals, which require annual maintenance, US$ 10/m? includes cleaning the panels,
tightening of connections and oxidation elimination, etc. The energy performance of a PV
solar system depends basically on the following factors: available irradiation. area,
inclination, and panel efficiency. An incorrect selection of inclination reduces the
catchment of solar rays and compromises the production of electricity by the PV module
(Villalva & Gazoli, 2013). According to the basic rules presented by the manufacturers,
and with the objective of optimizing the production of electricity, the inclination angle of
the panels to be installed in the hospital must be 10° since the geographic latitude of the

municipality of Jodo Pessoa is 07° S.

3.24 Economic Considerations

Table 3.1 shows the technical and economic characteristics of the equipment that
belongs to the superstructure (Figure 3.2). Technical information was obtained from
manufacturer catalogs, and prices were obtained through direct consultation. On the left
side of Table 3.1, the rows indicate the technologies that are potentially installable, and the
columns indicate the energy resources available. The coefficient in bold indicates the flow
that defines the productive capacity of the equipment, and positive and negative

coefficients, indicate, respectively, that an energy flow is either produced or consumed.
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Figure 3.2: Polygeneration superstructure for the hospital.

iC

Table 3.1: Matrix of technical production coefficients and technology data (Romero, Carvalho & Millar,

2014b).
Technical production coefficients Equipment

Cost Cost Nom.

GN BM DI VA AQ AR A AF EE CINV O&M Power

A (103 (US$/  PNOM

US$) MWh) (MW)

Gas engine -2.63 110 045 1 185.00 6.00 0.41
Diesel engine -2.66 0.80 0.0 1 90.80 6.00 0.36
Steam boil (GN) -1.18 1 21.29 0.89 0.30
Steam boil (BM) -1.40 1 20.40 3.20 0.25
Steam boil (EE) 1 -1.15 20.40 0.89 0.15
Heat exchang (VA-AQ) -1.10 1 3.56 0.89 0.40
Hot water boil (GN) -1.22 1 19.72 0.89 0.30
Hot water boil (BM) -1.25 1 25.00 3.20 0.17
Hot water boil (EE) 1 -1.11 11.28 0.89 0.15
Heat exchang (AQ-AR) -1.10 1 2.96 0.89 0.40
Absorption chil (2x) -0.77 1.77 1 -0.01 | 186.08 4.00 0.46
Absorption chil (1x) -1.32 232 1 -0.01 | 215.88 4.00 0.49
Mechanical chiller 121 1 -021 58.00 177 0.28
Cooling Tower -1.00 1 -0.02 11.28 4.00 1.00

The complexity of the problem is perceptible, once all energy demands vary hourly,

throughout the day, throughout the year.

For the current economic and financial Brazilian scenario, considering a lifetime of

15 years for the system and an interest rate of 10% per year, a capital recovery factor of

0.13/year was obtained.

A polygeneration system can be designed to operate autonomously, but the

possibility of connection to the electric grid can be extremely advantageous for the sale of

surplus cogenerated electricity, realizing economic benefits in this way.
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The problem to be solved consists of two simultaneous tasks: selection of the
combination of technologies (type and power installed) that are capable of meeting the
energy demands of the hospital, and establishment of the operation mode for all equipment

installed, for each time interval defined.

3.2.5 Optimization Model

Once the environment for the installation of the polygeneration system is defined,
along with its energy demands, and with information on the technical, economic and legal
parameters, the next step is the formulation of the mathematical model. An optimization
model was elaborated, based on MILP, and its solution allows for all energy flows to be
known. The solution also provides the result of an economic evaluation, selecting the best
configuration of the system (type and number of equipment installed) and the operational

strategy (how to operate each piece of equipment), obtaining minimum annual cost.

The objective function was selected from an economic perspective, which considers
the annual costs: fixed costs (initial investment in equipment) and variable costs (purchase
of energy resources to meet the demands, O&M costs). The objective function can be

represented in simple algebric language as:

MINIMIZE Annual Costs = (Fixed Costs) + (Variable Costs) (3.1)

Fixed costs = (FRC) - (FCI) - {ZC'NVi . PVpanels} (3.2)

Variable costs = (Cost of natural gas) + (Cost of biomass) + (Cost of diesel)
+ (Cost of electricity) — (Electricity credits) (3.3)

The total investment cost (CINV;) is the number of equipment installed multiplied
by the individual cost. FRC is the capital recovery factor, introduced previously, and FCI is
an indirect cost factor that agglutinates engineering, transportation, installation,
supervision, service, and contingency costs, resulting in 15% of the investment cost in

equipment.

The possibilities of interaction of the polygeneration system with the economic
environment can be represented by a binary matrix (0 = no, 1 = yes) with indicators for the
possibilities of purchase (INDCOM), demand (INDDEM), sale (INDVEN) and waste
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(INDDES, e.g., in the case excess heat is evacuated) for each of the energy resources

available j:

INDCOM | INDDEM | INDVEN | INDDES
1 0 0 0 (natural gas, j=1)
0 1 0 0 (steam, j=2)
0 1 0 0 (hot water, j=3)
0 0 0 0 (refrigeration water, j=4) (3.4)
0 0 0 1 (ambient air, j=5)
0 1 0 0 (cold water, j=6)
1 1 1 0 (electricity, j=7)
1 1 0 0 (diesel, j=8)
1 1 0 0 (biomass, j=9)

For each time interval, the production of energy is restricted to the installed
capacity of equipments and an energy balance must be fulfilled for each utility j (energy

resource):
Production; — Consumption; + Purchase; — Sale; — Demand; = 0 (3.5)

Capacity limits, production restrictions, and balance equations were enforced in the

optimization model.
Capacity limits: For each period (d,h) and for each technology i
POE(i,d,h) < NIN(i) ® P,y (i) (3.6)

where POE(i,d,h) is the energy production of technology i in the period (d,h), and Ppon is
the nominal power of the equipment.

Production restrictions: For each period (d,h) and for cogeneration modules, the

production of energy was restricted to:

POE(i,d,h) = NES(i,d,h)  P,,, () with NOP(i,d, h)e{0,1, ..., NEI(i)} (3.7)
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where NES(i,d,h) is the number of operational equipment of technology i in the period
(d,h). For each technology i, For each utility j ,

UI(, j,d,h) = PC(,j)  POE(), d, h) (3.8)

where UlI(i,j,d,h) is the energy flow of utility j interchanged with technology i in the period
(d,h) and PC(i,j) is the absolute value of the production coefficient (Table 6.21).

Balance equations: For each period (d,h) and for each utility j:

Prod(j,d,h)- Cons(j,d,h) + Imp(j,d,h) - Exp(j,d, h)- Waste(j,d, h)- Demand(j,d,h) = 0 (3.9
Prod(j,d,h) = 2X(i,j,d,h) « YTUP(, j) with YTUP(, j) €{0,1} (3.10)
Cons(j,d,h) = 2;X(,j,d,h) « YTUC(, j) with YTUC(, j) €{0,1} (3.11)
Imp(j,d, h) < YUP(j) « (Cons(j,d,h) + D(j,d, h)) with YUI(j) € {0,1} (3.12)
Exp(j,d, h) < YUS()) ¢ Prod(j, d, h) with YUE(j) e{0,1} (3.13)
Waste(j,d,h) < YUW()) « Prod(j, d, h) with YUW(j) € {0,1} (3.14)
Demand(j,d,h) < YUD()) ¢ (Prod(j,d,h) + P(j,d,h)) with YUD(j) €{0,1} (3.15)

YTUP(i,j) was 1 when technology i produced utility j. YTUC(i,j) was 1 when
technology i consumed utility j. Production (Prod), and Consumption (Cons) corresponded
to internal utility flows. Imports (Imp), Exports (Exp), Waste and Demand correspond to
the utility flows interchanged between the energy system and the market environment.
Binary variables YUI(j), YUE(), YUW(j) and YUD(j) indicated, respectively, the
possibility of such interchanges.

The novelty introduced herein is the introduction of PV panels in the
superstructure, for the production of electricity. Equation (3.5) is modified only for
electricity, including a term that represents the Net Absorbed Radiation (NAR) by the PV
panels. Equation (3.16) contemplated the possibility that the electricity from the PV panels
(EEPV) can be utilized in the polygeneration system:

For j=7, and for each hour, and each day:
Production; — Consumption; + Purchase; — Sale; — Demand; + EEPV = 0 (3.16)
EEPV = NPS - A - (R/1000)- eff (3.17)

NPS <= NPV (3.18)
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Equation (3.17) defines the electricity produced by PV panels, originated from the
radiation absorbed during each hour, for each day, by the panels, where A [m?] represents
the surface of each panel/ eff is the efficiency of each panel (manufacturer data)/ Rad
[Wh/m?, J/m?] is the global radiation per surface unit in horizontal plane, due to the
geographic location; NPV is the number of PV panels installed, and NPS is the number of
active PV panels for each time interval considered in the balance equations. NPS is used as

a restriction in Equation (3.18) to represent the degree of utilization of the panels.

Utilizing all energy forms available in the superstructure, as well as individual or
multiple energy conversions, the optimization model compares all the possible ways to
meet the energy demands of the hospital. This is carried out hour-by-hour, for each day of
the year, obtaining a total annual cost (configuration and operational mode). Therefore, all
economic balances for all viable configurations contained in the polygeneration

superstructure are compared, yielding the minimum annual cost.

3.3 Results

The optimization model contains 124.842 variables, of which 1756 are integers.
The model presents 81.051 restrictions, and was solved after 19.926 iterations. The
solution of the optimization model, including the mandatory installation of 200 PV panels,
provides the data shown in Table 3.2. Table 3.2 also shows the result of another
optimization, referred to as reference system, where only conventional equipment is
utilized to meet the energy demands of the hospital. The possibilities of cogeneration and

utilization of biomass are not included in the conventional system.
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Table 3.2: Minimum annual cost for the polygeneration system with 200 PV panels installed.

Economic Optimal

Reference system”

Composition of system

Namero (Installed power)

Number (Installed Power)

Gas engine 0 (0 MW) - (0 MW)

Diesel engine 0 (0 MW) - (0 MW)

Steam boiler (GN) 0 (0 MW) 1 (0.300 MW)

Steam boiler (BM) 1 (0.250 MW) 0 (0 MW)

Steam boiler (EE) 0 (0 MW) 0 (0 MW)

Heat exchaner (VA-AQ) 1 (0.400 MW) 1 (0.400 MW)

Hot water boiler (GN) 0 (0 MW) 1 (0.300 MW)

Hot water boiler (BM) 2 (0.340 MW) 0 (0 MW)

Hot water boiler (EE) 1 (0.150 MW) 1 (0.150 MW)

Heat exchanger (AQ-AR) 0 (0 MW) 0 (0 MW)

Double-effect absorption chiller 0 (0 MW) 0 (0 MW)

Single-effect absorption chiller 0 (0 MW) 0 (0 MW)

Mechanical chiller 3(0.810 MW) 3 (0.810 MW)

Cooling tower 1 (1.000 MW) 1 (1.000 MW)
Photovoltaic panels 200 units --

Electricity imports 3244 MWh/year 4281 MWhlyear
Electricity produced by PV panels 129 MWh/year --

Electricity credits -- --

Natural gas imports -- 1528 MWh/year

Diesel imports -- --

Biomass imports 2663 MWh/year --

Initial investment in equipment Us$ 587.089 Us$ 374.670
Annual cost of electricity imports US$/year 180.489 USS$/year 233.979
Annual credit with electricity exports US$/year - US$/year -

Annual cost of natural gas imports US$/year - US$/year 73.335
Annual cost of diesel imports US$/year - US$/year -

Annual cost of biomass imports US$/year 35.150 US$/year -
Operation and Maintenance costs US$/year 21.813 US$/year 16.716
Annual cost of equipment US$/year 76.322 US$/year 48.707
TOTAL annual cost US$/year 331.774 US$/year 372.758

The economic optimal presents a lower annual total cost, when compared to the
reference system (10.99% lower). When analyzing the initial investment in equipment, a
higher value is verified due to the installation of PV panels and biomass boilers (more
expensive than traditional boilers). However, this value is compensated by 22.86% less

electricity being imported from the grid.

The production of only 129 MWh/year of electricity through PV panels does not
allow for the credit compensation due to minigeneration, as foreseen by legal constraints
(regulation n°482 - ANEEL, 2012). For the amount of panels installed, no surplus
electricity is fed into the grid. This production can be considered inexpressive if the high

investment costs are considered for the implementation of this type of technology.

In the optimal system, the steam demand is satisfied by a biomass steam boiler, and
excess heat goes into a heat exchanger, to meet the demands of hot water. The remaining
hot water demand is met by two biomass hot water boilers plus an electricity boiler. All
coolth originates from mechanical chillers. Diesel and natural gas were not utilized in the

reference system neither in the optimal system. No absorption chillers were installed. The
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amount of heat originated from these mechanical chillers is entirely evacuated through the

cooling towers.

Among the results presented for the optimal configuration, the purchase of biomass
(2663 MWh/year) for utilization in boilers must be highlighted, as the low purchase price

makes the use of biomass technologies more attractive from an economic point of view.

3.31 Others Results

3.3.1.1 Variation of interest rates and mandatory installation of 200 panels

A sensitivity analysis was carried out to verify the influence of the interest rates on
the configurations obtained by the optimization model. The base interest rate was 10%,
which was used to build Table 3.3. When the interest rates were decreased to 8% and 6%,
there was no difference in the solution provided by the optimization model (same results as
Table 3). When the interest rate dropped to 4%, the electric boiler was not installed and in
its place, an additional biomass boiler was installed for the production of hot water.
However, considering the reality of the Brazilian market in 2014, with inflation rates of
6.75% and interest rates between 10-11%, using a 4% interest rate does not reflect at all the

reality of the market.

3.3.1.2 Free optimization with different investment costs

This sensitivity analysis removed the mandatory installation of 200 PV panels, and
varied the capital cost for the PV system. The results obtained from solving the
optimization model are shown in Table 3.3.

Table 3.3: Cost for the panels and economic minimum.

Investment costs for PV panels Configuration of the system: installation of PV panels
Base case: US$ 880/unit no installation of PV panels

US$ 440/unit no installation of PV panels

US$ 256/unit” 830 panels installed, but no electricity exports

US$ 220/unit 1000 panels installed™, but no electricity exports

" Starting point for installation of PV panels
A maximum amount of 1000 PV panels was considered as a restriction.

It is observed that the cost of photovoltaic system deployment is high, preventing
the compensation of the generated energy, along the lines of resolution n° 482 da ANEEL.

However, even with the reduction of 75% of the initial investment cost for installation of
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photovoltaic solar panels, the optimal solution did not export electricity to the electric grid
because the cost is still higher than the credits offered by the current legislation.

The legislation in force is comprehensive regarding the implementation of
renewable sources for distributed generation. However, given the results obtained herein
for the free optimization of the system, the use of other resources should be considered

(e.g., biomass).

A new analysis was carried out by inserting in optimizing the data provided by the
Energy Research Company (In Portuguese: EPE) (BRAZIL, 2014) in technique note DEA
26/14, which deals with the evaluation of energy efficiency and distributed generation to
the next 10 years (from 2014 to 2023), considering the following information:

» Real discount rate of 6 % a.a;
« Life - panels - 20 years and inverters - 10 years;
» Operation and maintenance costs - 1% of the initial investment per annum.

The planned configuration initially remained, and even from the perspective of data
reported by the company, the installation of photovoltaic solar panels for consumer unit

object of this study is not attractive.

3.3.1.3 Use of biomass for power generation
As the economic optimum signaled by the use of biomass as an energy resource due
to its low cost, compared to other resources available, it was decided to insert in the

hospital's superstructure, a power generator biomass to carry out a new analysis.

The data used for the generator were specified for the GASEIFAMAZ (COELHO
et al., 2006) compared to existing biomass gasification technologies in Brazil and abroad.
The evaluated systems are a gasifier system in conjunction with an internal combustion

engine to generate electric energy.

Fuel prices have been updated, as the local reality, and it was considered cost of
diesel, US$ 59.60 / MWh and the cost of biomass (bagasse), US$ 20.87/MWh. The life of

equipament is five years. A new table (Table 3.4) of technical coefficients was obtained:
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Table 3.4: Matrix of technical production coefficients and technology data R6tulo11with biomass engine

Technical production coefficients

Equipment

Cost Cost Nom.

GN BM VA AQ AR AA AF EE CINV O&M Power

(10° (US$/  PNOM

US$) MWh) (MW)
Biomass engine 35 1 40 6.00 2.00
Gas engine -2.63 110 045 1 185.00 6.00 0.41
Diesel engine 0.80 0.50 1 90.80 6.00 0.36
Steam boil (GN) -1.18 1 21.29 0.89 0.30
Steam boil (BM) -1.40 1 20.40 3.20 0.25
Steam boil (EE) 1 -1.15 20.40 0.89 0.15
Heat exchang (VA-AQ) -1.10 1 3.56 0.89 0.40
Hot water boil (GN) -1.22 1 19.72 0.89 0.30
Hot water boil (BM) -1.25 1 25.00 3.20 0.17
Hot water boil (EE) 1 -1.11 11.28 0.89 0.15
Heat exchang (AQ-AR) -1.10 1 2.96 0.89 0.40
Absorption chil (2x) -0.77 1.77 1 -0.01 | 186.08 4.00 0.46
Absorption chil (1x) -132 232 1 -0.01 | 215.88 4.00 0.49
Mechanical chiller 121 1 -021 58.00 1.77 0.28
Cooling Tower -1.00 1 -0.02 11.28 4.00 1.00

The result of the optimization considering the inclusion of biomass generator are in

Table 3.5

Table 3.5: Minimum annual cost for the polygeneration system with biomass engine.

Economic Optimal —Biomass

Economic Optimal -PV

Composition of system
Biomass engine

Namero (Installed power)
0 (0 MW)

Number (Installed Power)

0 (0 MW)

Gas engine 0 (0 MW) 0 (0 MW)
Diesel engine 0 (0 MW) 0 (0 MW)
Steam boiler (GN) 0 (0 MW) 0 (0 MW)
Steam boiler (BM) 1 (0.250 MW) 1 (0.250 MW)
Steam boiler (EE) 0 (0 MW) 0 (0 MW)
Heat exchaner (VA-AQ) 1 (0.400 MW) 1 (0.400 MW)
Hot water boiler (GN) 0 (0 MW) 0 (0 MW)
Hot water boiler (BM) 2 (0.340 MW) 2 (0.340 MW)
Hot water boiler (EE) 1 (0.150 MW) 1 (0.150 MW)
Heat exchanger (AQ-AR) 0 (0 MW) 0 (0 MW)
Double-effect absorption chiller 0 (0 MW) 0 (0 MW)
Single-effect absorption chiller 0 (0 MW) 0 (0 MW)
Mechanical chiller 3 (0.810 MW) 3(0.810 MW)
Cooling tower 1 (1.000 MW) 1 (1.000 MW)
Photovoltaic panels 200 units
Electricity imports 3373 MWh/ano 3244 MWh/year

Electricity produced by PV panels
Electricity credits

Natural gas imports

Diesel imports

129 MWh/year

2663 MWh/year

2663 MWh/year

Biomass imports

Initial investment in equipment uUs$ 410.918 uUs$ 587.089
Annual cost of electricity imports US$/year 187.155 US$/year 180.489
Annual credit with electricity exports US$/year -- US$/year -
Annual cost of natural gas imports US$/year -- US$/year -
Annual cost of diesel imports US$/year - US$/year -
Annual cost of biomass imports US$/year 55.355 US$/year 35.150
Operation and Maintenance costs US$/year 21.813 US$/year 21.813
Annual cost of equipment** US$/year 53,419 US$/year 76.322
TOTAL annual cost US$/year 317.776 US$/year 331.774

Although the total annual cost was 4.21% lower without the use of photovoltaic

panels and with biomass for power generation, it can be seen from this analysis that the
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generator insertion of the biomass option is unattractive since the great economic

configuration the equipment is not installed.

3.4 Conclusions

The installation of new energy systems and the optimization of these projects
require a real and comprehensive analysis from different viewpoints: technical, economic,
environmental, etc., and should also reflect, as closely as possible, the actual conditions of
use. The energy system that allows the hospital to meet the energy demands prioritized

only the economic aspect, seeking the minimum total annual cost.

This work presents the optimal configuration for a polygeneration system, using
renewable sources (solar photovoltaic and biomass). An analysis of the economic impact
caused by the incorporation of these sources was also presented. It was observed that for
current conditions (available number of photovoltaic panels: 200), the installation is not
attractive from an economic perspective. The high cost of implementation, in addition to
low production of electricity, do not enable the hospital to take advantage of this resource
to realize economic benefits. The optimal solution, however, suggested the installation of

biomass boilers for better utilization of this energy resource, given its low cost.

In general, low variability was observed in the configurations obtained, in which

the cooling demand was always met by mechanical chillers.

As a suggestion for extending this work, the introduction of more equipment in the
superstructure can be considered, such as biomass turbines, which can take advantage of
the low price of the resource for electricity or steam generation. Sensitivity analyses can be
carried out by varying economic conditions (factor amortization), price of biomass
(including introducing a constraint on consumption, simulating a finite daily or monthly
stock), and initial investment in solar panels (simulating a government grant for example).
It is also interesting to perform the optimization of the system from an environmental point
of view, using the technique of Life Cycle Analysis (LCA), and verify what setup and
operation is obtained when the objective function considers the minimization of

environmental impacts.

O texto deste artigo difere ligeiramente da versdo submetida ao «“23" International
Congress of Mechanical Engineering” (COBEM), devido as observaces e sugestdes

apresentadas pela banca examinadora.
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RESUMO

Este artigo tem por objetivo avaliar, por meio da Analise do Custo Médio de
Producdo e de Modelos de Negocio (Business Model Canvas), os tipos de biomassa
que podem ser utilizados em caldeiras para producdo de vapor e &gua quente
propostas para o Hospital Universitario Lauro Wanderley, situado na cidade de
Jodo Pessoa — PB. O estudo visa subsidiar um sistema de otimizagdo dos recursos
energéticos a serem adotado pelo hospital, uma vez, que o planejamento do sistema
que vai produzir um produto ou servico, é capaz de identificar oportunidades para
reduzir custos e impactos negativos ao meio ambiente. Para o estudo, fez-se o
levantamento da demanda energética do hospital. Considerou-se apenas a lenha,
bagaco de cana de acucar e pellets na andlise, uma vez que sdo o0s tipos de
biomassas admitidos pela caldeira especificada. Como resultados, observou-se que
0 recurso mais oneroso foram os pellets enquanto que a lenha, considerando o custo
médio de producédo e o modelo de negdcio, evidenciou melhores resultados.

Palavras-Chave: biomassa, sistema de poligeracao, custo de producéo, hospital.
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4.1 Introducdo

A utilizacdo de multiplas fontes de suprimento energético em determinadas
unidades consumidoras para fins de confiabilidade e melhor aproveitamento energético
vem ganhando destaque nos ultimos tempos. A poligeracdo, como é mais comumente
conhecida, define-se como a producdo combinada de dois ou mais servigos energéticos,
cujo objetivo é atingir o maximo aproveitamento das diversas fontes de energia utilizadas.
Apresenta como principal vantagem o uso eficiente dessas fontes, ja que se exige um
estudo mais detalhado da relagdo geracdo-consumo, a confiabilidade e a continuidade no
fornecimento de energia, além de um melhor aproveitamento, se comparados a sistemas
autdbnomos. Tanto a poligeracdo quanto a integracdo energética sdo ferramentas
promissoras para alcancar uma melhor eficiéncia no uso dos recursos naturais, € na maioria

dos casos, também uma reducdo nos impactos ambientais gerados (SERRA et al., 2009).

Algumas unidades consumidoras, a exemplo dos hospitais, se destacam pelo alto
consumo energético e pela necessidade continua e simultanea de energia elétrica e térmica.
Hospitais sdo, portanto, excelentes unidades com potencial para a implantacdo de sistemas
de poligeracdo, uma vez que suas condi¢cdes de conforto, demandas de eletricidade, agua
quente, aquecimento e refrigeracdo devem ser continuamente mantidas. Existem estudos
recentes na area de otimizagdo de sistemas de poligeracdo em hospitais (ZIHER,
POREDOS, 2006; ARCURI, FLORIO, FRAGIACOMO, 2007; LOZANO e outros, 2009;
ROMERO, CARVALHO, MILLAR, 2014a), mas a configuracdo Otima desses sistemas
ainda é um problema complexo, devido a grande variedade de opcdes tecnoldgicas para o
fornecimento e conversdo de energia, grandes variacdes didrias e anuais nas demandas
energéticas, e ainda variaces dos precos e tarifas de energia. Segundo Shang e Kokossis
(2005), esta variabilidade presente nas demandas energéticas necessita de uma
metodologia de projeto que resulte em sistemas que produzam eficientemente (objetivo
termodinamico), sejam capazes de se adaptar a diferentes condigdes de demanda e

mercado (flexibilidade operacional), além de operar com custo econémico minimo.

Nesse contexto, este trabalho elabora um plano de negdcio e realiza um estudo de
custo medio de producdo com o intuito de avaliar a utilizacdo de trés diferentes tipos de
biomassa, como recurso energético em caldeiras para a producdo de 4gua quente e vapor,
em um sistema de poligeracao previsto para um hospital localizado no nordeste brasileiro.

A andlise é fundamentada na superestrutura estabelecida em Romero, Carvalho e Millar
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(20144, 2014b) e no resultado da otimizacdo prevista em Carvalho et al. (2015), onde a
biomassa foi um dos recursos energéticos de destaque. Para a regido nordeste do Brasil a
biomassa aparece como uma opc¢ao atrativa, ja que a regido dispde de varias maneiras para
utilizé-la, a exemplo do bagaco de cana de acucar, lenha, palha de coco, casca de coco,
entre outros. Iniciativas de utilizacdo de residuos de madeira da construcdo civil também

podem ser origens importantes de biomassa.

4.1.1 Caracterizacdo do Hospital — Superestrutura

O hospital objeto desse estudo é o Hospital Universitario Lauro Wanderley (HU),
que estad situado no campus | da Universidade Federal da Paraiba, na cidade de Jodo
Pessoa, e conta com um conjunto arquitetdnico aproximado em 44.000m? de area, dos
quais, cerca de 9.000m? estdo em processo de constru¢do (HU, EBSERH, 2013).

Foram consideradas para a implantacdo do sistema de poligeracdo, as demandas
energéticas tipicas de um hospital, a saber: eletricidade, &gua quente, vapor e refrigeracao.
As demandas de eletricidade traduzem-se no consumo elétrico de iluminacdo, elevadores,
equipamentos, e depende principalmente do tamanho do hospital. As demandas de agua
quente (para uso em cozinha e lavanderia) e de vapor (para esterilizacdo) também
dependem do porte do hospital (nimero de leitos). As demandas de conforto térmico
(aquecimento, refrigeracdo) sd@&o muito influenciadas pela climatologia do local de
instalacdo do hospital. Devido ao clima de Jodo Pessoa, demandas de agua quente para
aquecimento ambiental ndo sdo necessarias. No total, tém-se variaces nas demandas
devido ao clima e ao modo de operacdo do hospital. O clima influenciara as demandas de
conforto térmico hora a hora, e 0 modo de operacdo do hospital distingue seus dias de
operacdo entre "dia util" e "fim-de-semana" (ou feriado). Sabe-se que durante finais de
semana e feriados os consumos energéticos de um hospital sdo mais baixos, fato esse

refletido nos consumos elétricos medidos.

Para melhor refletir a influéncia mensal do clima nas demandas energéticas,
escolheu-se um periodo de estudo igual a um ano (doze meses). A operacdo do hospital
somente varia, ao longo do ano, dependendo do tipo de dia, portanto para caracterizar as
demandas do hospital estabeleceram-se dois dias representativos (dia Gtil e fim-de-semana)
por més. Cada dia se divide em 24 periodos horarios, resultando em 576 periodos de

operacdo diferentes ao longo do ano.
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Dada a disponibilidade de dados reais para eletricidade, estes foram utilizados para
demandas elétricas. Para o céalculo das demandas energéticas representativas de agua
quente, vapor e refrigeracdo (que independem da localizacdo geografica do hospital),
utilizou-se a aplicacdo sequencial do método dos graus-dia (ERBS, KLEIN, BECKMAN,
1983), dados climaticos (CLIMATICUS 4.2, 2005), dados de ocupacdo (NEPOTE,
MONTEIRO, HARDY, 2009) e dados obtidos de auditoria energética (ARAUJO, 2004). A
demanda de vapor foi considerada constante durante o periodo de utilizacdo da central de
esterilizacdo, entre 6h e 20h, acrescida da demanda de um balcdo térmico no restaurante,
no horéario de almogo e jantar. A demanda de agua quente possui dois contribuintes: a
lavanderia, que opera entre 8h e 18h, e 0 uso interno hospital, que opera sem interrupcoes

durante as 24 horas do dia.

Com base nesse estudo, o hospital apresenta as seguintes demandas energéticas
anuais: 2791 MWh de eletricidade, 1947 MWh de agua quente, 138 MWh de vapor, e 2309
MWh de refrigeracdo. A eletricidade foi faturada com modalidade tarifaria do tipo
horossazonal, apresentando tarifas diferenciadas para os horarios de ponta e fora de ponta.
Na modalidade escolhida, a tarifa contratada para o dia € R$129/MWh, enquanto que no

horario diferenciado de “ponta”, entre 18h e 21h, o valor contratual é de R§199/MWh.

A tarifa de gas natural (R$120/MWh — PBGAS, 2013) nao contempla diferenciacao
horaria nem sazonal, e caso algum equipamento que o utilize seja instalado, os custos ja

incluirdo a conexdo a malha de distribuicdo (gasodutos).

Da mesma forma, a tarifa considerada para o diesel (R$149/MWh) ndo possui
discriminacdo horéaria ou sazonal, e os custos da instalacdo de equipamentos que operem

com diesel incluem tanques de armazenagem.

A biomassa utilizada no modelo de otimizacdo proposto em Carvalho et al.(2015)
foi a proveniente do bagaco de cana de acucar. O estado da Paraiba conta com oito usinas
de cana de agucar que se estendem por 26 municipios ao longo da linha da costa, todos
localizados na proximidade de Jodo Pessoa (NOVA CANA, 2015). Esta fonte de energia
foi considerada inicialmente para atender as demandas de adgua e vapor quente do hospital
(por meio de caldeiras). O modelo previu apenas um tipo de recurso, sem considerar 0s

demais possiveis de utilizacdo pelo equipamento e especificidades da regi&o.

Nesse contexto, diante das especificacbes de um fabricante e do fornecedor de

caldeiras a biomassa, foi necessario um estudo que se aproximasse mais das condi¢des
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reais de suprimento de biomassa para as caldeiras do sistema de poligeracdo proposto.
Nesse sentido, restringiu-se a analise para o bagaco da cana, a lenha e pellets de madeira,
que além de poderem ser utilizados nos equipamentos especificados, sdo acessiveis ao

hospital objeto desse estudo.

4.2 Materiais e Métodos

4.2.1 Descricdo da Superestrutura e dos equipamentos que utilizam biomassa

Para atendimento as demandas energéticas do hospital objeto desse estudo, foi

prevista uma superestrutura conforme apresentada na Figura 4.1.
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Figura 4.1: Superestrutura de poligeracéo.

As demandas de agua quente e vapor serdo supridas por meio de caldeiras. A
superestrutura prevé o uso da biomassa, da energia elétrica e do diesel como combustiveis
para esses equipamentos. No estudo aqui proposto, serdo consideradas apenas as caldeiras
que utilizam biomassa para produgdo de agua quente e vapor, uma vez que se propde
analisar qual seria a biomassa mais adequada para atendimento a essas demandas,

considerando principalmente o custo médio de produgdo. O resultado da andlise do
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presente estudo visa subsidiar o modelo de otimizagéo proposto por Carvalho et al. (2015)
para a realizacdo de anélises de sensibilidade e resiliéncias dos resultados daquele estudo.

Para o calculo da quantidade de combustivel necessaria foram considerados o0s
dados técnicos fornecidos por um fabricante de caldeiras, com a seguinte especificacao:
caldeira horizontal para a producdo de 500 kgv/h para uso de combustivel biomassa (lenha,
bagaco de cana e pellets de madeira), PMTA - Pressdo Maxima de Trabalho Admissivel de
7 bar, 02 passagens, temperatura de vapor de 175°C e entalpia de 662 Kcal/Kg, tenséo de
funcionamento 220V, rendimento de 85%. (MULTINOX, 2015) e as informacdes do PCI
(Poder Calorifico Inferior) e da densidade do material.

4.2.2 Caracterizacdo dos Combustiveis da Caldeira

De acordo com as especificagdes do fabricante da caldeira, dentre os tipos de
biomassa que podem ser utilizadas no equipamento serdo analisados o bagago de cana de
acucar, a lenha e pellets de madeira. Considerando as demandas energéticas anuais de 1947
MWh de &gua quente e 138MWh de vapor para o hospital, o PCI, o rendimento da caldeira
e a densidade do material, calculou-se a quantidade, em m3, necessaria de cada tipo de

combustivel, conforme apresentado na Tabela 4.1:

Tabela 4.1: Combustiveis utilizados na Caldeira

CARACTERISTICAS COMBUSTIVEIS
Lenha Bagaco Pellet
de Cana de Acucar
PCI 3100 kcal/kg 2130 kcal/kg 4000 kcal/kg
Densidade 390 kg/m3 130 kg/m3 650 kg/m?
Preco R$ 110/m3 R$ 16,80/m? R$ 344,50/m3
Quantidade de MWh/m3 1,41 0,32 3,02
Quantidade de Agua Vapor Agua Vapor Agua Vapor
combustivel necessaria Quente Quente Quente
(m?) 1.587,98 112,55 6.997,03 495,94 645,55 45,69

Os PClI e a densidade da lenha e do bagaco da cana foram obtidos no relatorio final
do BEN — Balanco Energético Nacional (BEN, 2014). Os pellets considerados sdo de
residuos de madeira, cujos PCl e a densidade foram obtidos no site da Opcdo Verde

Assessoria em Biomassa (Opcéo Verde, 2015).

Para o célculo da quantidade de combustivel necessaria foi utilizado o fator de
converséo de 1kcal = 0,00116 kWh e o rendimento da caldeira, que é de 85%.
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Os precos de cada combustivel foram obtidos por meio de consulta a fornecedores,
sendo o da lenha, de R$ 55/st, informado pela Organizacdo Sertaneja dos Amigos da
Natureza (SOS Sertdo, 2014), cujo valor ja inclui o transporte e a entrega até o patio do
hospital. Esse valor é dado por metro estéreo e a conversdo para metro cubico foi feita
utilizando o fator de empilhamento de 0,5 (ENVALMA, 2014).

Os valores do pellet e bagaco de cana, R$ 344,50/m3 e R$ 16,80/m3,
respectivamente, foram obtidos no site da MFRURAL (MFRURAL, 2015).

O grafico apresentado na Figura 4.2 compara o valor do MWh dos tipos de
biomassa analisados com a tarifa de energia elétrica convencional, fornecida pela rede
elétrica, considerando apenas o valor do combustivel. No topico a seguir sera apresentado
0 custo médio de producdo dos recursos energéticos analisados e disponiveis para as

caldeiras a biomassa.

R$ 250,000
§ R$ 200,000 —
% R$ 150,000 mm Biomassa
[(—— l— |
©
s R$ 100,000 els=Energia Elétrica (Fora
= de ponta)
> R$50,000 l Energia Elétrica (Ponta)
R$ -

Lenha Bagagode Pellet
Cana

Tipo de Biomassa

Figura 4.2: Grafico comparativo do valor do MWh para os tipos de biomassa

4.2.3 Custo Médio de Producéo

A formacéo de preco é com base apenas nos custos, uma vez que 0 que esta sendo
avaliado é o tipo de combustivel a ser utilizado na caldeira (Tabela 4.2). O custo de
investimento, que consiste no fornecimento, transporte, instalagdo e suporte da caldeira a
biomassa, foi obtido através de consulta a fornecedores, cujo valor individual é R$
56.520,00 (MULTINOX, 2015). A caldeira pode utilizar os trés tipos de biomassa que

estdo sendo analisados, portanto, o custo inicial € o mesmo para qualquer um dessas.
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Para o custo de transporte foi utilizado o calculo previsto em Rezende e Oliveira
(REZENDE E OLIVEIRA, 2001), onde 0 mesmo é dado pela seguinte expressao:

C =1,5L+(0,025L)D (4.1)
Sendo:
C — Custo de Transporte por m3 estéreo (m3 st)
L — Preco do litro do Diesel
D — Distancia em km
Para o calculo do valor do transporte, foram consideradas as seguintes informacdes:

Para o bagaco da cana: sdo oito usinas instaladas no Estado da Paraiba, nos
municipios de Caapord, Pedras de Fogo, Santa Rita, Mamanguape e Rio Tinto. A distancia
considerada no célculo para o transporte foi de 45 km, uma vez que apenas uma usina é
préxima da unidade consumidora (13 km), sendo as demais, distantes aproximadamente
45km do hospital. O preco do diesel atribuido para o calculo foi de R$ 3,10 reais, média
dos precos praticados pelos postos de combustiveis no estado. Considerou-se ainda um

metro cubico de bagaco de cana igual a um metro estéreo;

1) No caso do pellet, o fornecedor mais préximo esta localizado na cidade de
Recife-PE (Pellet Nordeste, 2015) e percorre uma distancia de 120 km para
entregar o material no hospital. O preco médio do diesel considerado foi de
R$ 3,10 reais.

Vale salientar que, no caso da lenha, o valor apresentado na Tabela 4.1 ja inclui o
custo do transporte e que a vida util das caldeiras é de 15 anos, logo sera considerada a

avaliacdo do suprimento energético da demanda anual durante esse periodo.
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Tabela 4.2: Custo Total Anual por tipo de Biomassa

Formacéo do Lenha Bagaco de Cana Pellets
Custo

Agua gquente Vapor Agua quente Vapor Agua quente Vapor

Custo da Caldeira

(RS) 56.520,00 56.520,00 56.520,00 56.520,00 56.520,00 56.520,00

Transporte da
Caldeira 13.800,00 13.800,00 13.800,00 13.800,00 13.800,00 13.800,00
(R$)

Quantidade
de 1.587,98 112,55 6.997,03 495,94 645,55 45,69
Combustivel(ms3)

Prego do
Combustivel 110,00 110,00 16,80 16,80 344,50 344,50
(R$/m3)
Custo total do
Combustivel 174.677,80 12.375,00 117.550,10 8.331,79 222.391,97 15.740,20
(R$/m3)
Custo do
Transporte
(R$/m3)
Custo do
transporte
(R$)(incluindo (incluso no preco do
taxa de combustivel)
abastecimento de
5% e ICMS)
CUSTO TOTAL
ANUAL 244.997,80 82.695,00 250.465,53 83.088,47 303.775,13 86.843,21
(R9)

A aliquota de 17% do ICMS s6 foi considerada no caso dos pellets, ja que o

(incluso no prego do

p 8,52 8,52 13,95 13,95
combustivel)

62.595,43 4.436,68 11.063,16 783,01

fornecedor fica no municipio de Recife/PE, logo o transporte da carga é interestadual,
partindo do estado de Pernambuco para o estado da Paraiba. A taxa de abastecimento de

5% é referente a carga e descarga do material.

4.2.4 Plano de Negdcio - The Business Model Canvas

Segundo Dornelas (2012) o plano de negécio € parte fundamental do processo
empreendedor. A decisdo pela construcdo de um plano de negocio para a implantacdo do
empreendimento aqui proposto, que é a utilizagdo da biomassa nas caldeiras da
superestrutura do hospital, deve-se ao fato de que a utilizacdo desse tipo de ferramenta
permite avaliar, com mais clareza, as possibilidades de éxito, na tentativa de diminuir os
riscos do empreendimento. A Figura 4.3 apresenta a triade: Objetivo, Processo de Negocio,

Resultado, para o modelo de negdcio que esta sendo proposto nesse trabalho.
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- Pessoas;
-Equipamentos;

- Informacgdes;
-Politicas Piblicas.

l

Processo
de
Negécio

Objetivo Resultado

Avaliar qual o melhor tipo
de biomassa a ser utilizado
na estrutura de poligeragdo
do hospital

- Redugdo de Custos com
Energia nas caldeiras;

- Eficiéncia Energética;

- Diminui¢do do impacto
ambiental.

Figura 4.3: Triade para 0 empreendimento.

Existem algumas ferramentas gue auxiliam na construcdo de um plano de negécio e
aqui se optou pelo modelo CANVAS. O Business Model Canvas é um modelo simples,
descrito em uma folha de papel e disposto em nove blocos, que permite ter uma viséo geral
do que se quer empreender. Os blocos cobrem as quatro areas principais de um negocio, a
saber: clientes, oferta, infraestrutura e viabilidade financeira. Serdo elaborados trés
modelos, sendo um para cada tipo de biomassa analisada: lenha, bagaco de cana e residuos
de madeira. Os nove blocos do modelo CANVAS a serem preenchidos, serdo descritos

conforme a seguir:

4.2.4.1Principais Aliangas
Nesse bloco, deverdo ser levantados 0s parceiros necessarios para que o negdcio
obtenha éxito. O rol dos principais fornecedores, as parcerias necessarias para a aquisicao

de recursos, e a consequente reducdo de riscos devem ser apresentados.

4.2.4.2 Estrutura de Custos
Esse topico € destinado ao levantamento do custo necessario para que a eficiéncia e

bom funcionamento do empreendimento.

4.2.4.3Principais Atividades
S&o as atividades chave do empreendimento. Devem-se descrever as atividades
mais importantes, as que mais impactam para o éxito do projeto e, ainda, que oferecam

uma proposta de valor.
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4.2.4.4Principais Recursos
Os principais recursos de um empreendimento devem ser listados no modelo para
que 0 mesmo possa oferecer o que esta sendo proposto. Esses recursos apontados sdo

materiais, financeiros, humanos e intelectuais.

4.2.4.5Proposta de Valor
A proposta de valor aqui apresentada seria a justificativa, 0 motivo pelo qual devera
ser utilizado um combustivel em vez de outro Descreve produtos e servigos que agregam

valor para cada segmento de cliente.

4.2.4.6 Relacionamento com o cliente
O hospital € o grande consumidor considerado no empreendimento. Por se tratar de
uma unidade consumidora de grande porte e, ainda, por necessitar de um servico confiavel

e continuo, esse bloco deve ser criteriosamente analisado.

4.2.4.7 Canais
Representa 0s mecanismos de comunicacdo existentes no negdcio. A forma de
divulgacdo e o feedback do cliente no empreendimento sdo requisitos importantes para

compor esse bloco.

4.2.4.8 Modelo de Receitas
Este componente trata das receitas geradas pelo empreendimento. No modelo aqui
proposto, a receita sera analisada com base na comparagdo com outros recursos energeticos

gue podem ser utilizados na caldeira.

4.2.4.9 Segmento de Clientes
O cliente é a parte mais importante de qualquer negécio. Nesse bloco devem-se

informar as necessidades, comportamento e atributos de cada segmento de cliente.

4.2.5 Modelo de negdcio para os tipos de biomassa disponiveis para o hospital

Para o empreendimento proposto nesse trabalho, foram construidos trés modelos de
negocio, representados nas tabelas (Tabela 4.3, Tabela 4.4 e Tabela 4.5), a seguir, sendo

um para cada tipo de recurso energético a ser utilizado nas caldeiras.
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Tabela 4.3: Business Model Canvas - LENHA.

Modelo 1 — Produgéo de 4gua quente e vapor no HU por meio de caldeira a lenha

Principais
Aliancas

1. Fornecedores de
lenha legalizada
localizados em
um raio de até
100 Km do
hospital;

2. Empresas
Transportadoras;

3. Empresa
fornecedora de
caldeiras a
biomassa;

4. Institui¢Bes
Financeiras com
linhas de crédito
para programas
de eficiéncia
energética.

Principais Atividades

Proposta de Valor

Relacionamento com

Segmento de

1. Prestacéo de servico
médico hospitalar, de
forma continua e
segura, publico e
gratuito;

Principais Recursos

1. Recursos Humanos;
2. Gestdo do Hospital;

3. Lenha;

1. Utilizag8o de
recurso energético
renovavel ndo
convencional;

2. Reducdo de
despesas com
energia elétrica;

3. Eficiéncia
Energética no
conforto térmico,
seguranca e
higiene;

4. Educacéo e
conscientizagdo
Ambiental.

o cliente

1. Atendimento ao
publico com
seguranca
hospitalar e
eficiéncia;

Canais

1. Auditorias
Energéticas;

2. Campanhas de
Sensibilizacdo da
gestdo;

3. Projetos de
eficientizacdo.

Clientes

1. Pessoas que
necessitam de
atendimento
médico
hospitalar;

Estrutura de Custos

Aquisicédo da Caldeira a Biomassa

Modelo de receitas

Redugdo do valor na conta de energia

Compra da Lenha-Transporte - Armazenamento

Méo de Obra Manutencéo e Operagao

Tabela 4.4: Business Model Canvas — BAGACO DE CANA DE ACUCAR.

Modelo 2 — Producdo de &gua quente e vapor no HU por meio de caldeira a bagaco de cana de aglcar

Principais

Aliancas

1. Usinas produtoras
de agucar, alcool
e destilados no
raio de 50 km do
hospital;

2. Produtores de
cana de agucar;

3. Transportadoras;

4. Empresa
fornecedora de
caldeiras a
biomassa.

Principais Atividades

Proposta de Valor

1.Prestacdo de servigo
médico hospitalar
publico e gratuito;

Principais Recursos
1. Recursos Humanos;

2. Gestdo do Hospital;
3. Bagaco da Cana.

1. Utilizacdo de recurso
energético renovavel
nao convencional;

2. Reducéo de despesas
com energia elétrica;

3. Eficiéncia Energética
no conforto térmico,
seguranca e higiene;

4. Educacéo e
conscientizacéo
Ambiental.

Relacionamento

Segmento  de

com o cliente

1. Atendimento ao
publico com
seguranca
hospitalar e
eficiéncia;

Canais
1. Auditorias
Energéticas;

2. Campanhas de
Sensibilizacéo;

3. Projetos de
eficientizacéo.

Clientes

1. Pessoas que
necessitam de
atendimento
médico
hospitalar;

Estrutura de Custos

Aquisi¢do da Caldeira a Biomassa

Compra do Bagaco da Cana-Transporte - Armazenamento

Mao de Obra

Manutencgdo

Modelo de receitas

Reducdo do valor na conta de energia
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Tabela 4.5: Business Model Canvas — PELLETS.

Modelo 3 — Producéo de dgua quente e vapor no HU por meio de caldeira a pellets de residuo de madeira

Principais Principais Atividades Proposta de Valor Relacionamento Segmento de
Aliancas com o cliente Clientes
1. Prestacdo de servigo 1. Utilizagdo de recurso
1. Empresa médico hospitalar energético renovavel 1. Atendimento ao 1. Pessoas que
fornecedora de publico e gratuito; n&o convencional; publico com necessitam de
pellets de residuos seguranga atendimento
de madeira; 2. Redugdo de despesas hospitalar e médico
com energia elétrica; eficiéncia; .
2. Transportadoras hospitalar;
Interestaduais; Principais Recursos 3. Eficiéncia Energética | Canais
no conforto térmico, -
3. Empresa 1. Recursos Humanos; seguranca e higiene; 1. Auditorias
fornecedora de Energéticas;
caldeiras a 2. Gest#o do Hospital; 4. Educagéo e
biomassa. conscientizagdo 2. Campanhas de

3. Bagaco da Cana. Ambiental, Sensibilizagdo;
3. Projetos de

eficientizacéo.

Estrutura de Custos Modelo de receitas

Aquisicdo da Caldeira a Biomassa Redugéo do valor na conta de energia

Compra de Pellets - Armazenamento

Méo de Obra Manutencéao

4.3 Resultados
O objetivo desse estudo foi analisar, dentre trés tipos de biomassa possiveis, qual a
mais vidvel para ser utilizada como recurso energético em caldeiras para producgéo de agua

guente e vapor em um hospital paraibano.

O resultado da analise do custo médio de producéo para a lenha, bagaco de cana de
acucar e pellets de madeira aponta para um custo anual total que estd apresentado no
grafico da Figura 4.4. Essas informacdes, além das contidas nos trés modelos de negécio
apresentados aqui, serdo utilizados como parametros para a analise de sensibilidade
proposta em Carvalho et al.(2015) e como critério de decisdo para o tipo de biomassa que

poderd ser utilizada nas caldeiras especificadas na superestrutura do hospital.
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Figura 4.4: Custo Anual Total.

O Custo Anual Total foi o principal critério para escolha da biomassa, j& que no que
se refere ao modelo de negdcio, as situacdes sao bem semelhantes. Os pellets apresentam a
vantagem do armazenamento e condicionamento do material, j& que sdo mais compactos,

mas foi 0 recurso que apresentou maior custo anual.

No comparativo entre o custo médio de producdo da lenha e da biomassa de bagaco
de cana de acucar, observa-se uma ligeira vantagem da lenha (2,18%) em relacdo ao custo
anual do bagaco da cana de acucar. Deve-se considerar ainda que, além do custo menor, na
Paraiba, a aquisi¢do da lenha € mais facil, se comparada ao bagago da cana de agucar, pois

o fornecimento desta, de acordo com a safra no estado, pode ndo ser continuo.

A Tabela 4.6 apresenta o custo, em reais, do MWh para cada tipo de Biomassa
analisado. Percebe-se que o custo do MWh da lenha é 15,17% inferior ao da energia
elétrica no horario fora de ponta e 45% inferior ao do horério de ponta de consumo de
energia elétrica. Para o bagago de cana de agUcar, esses valores sdo, respectivamente, de
13,9% e 44,19%.

Quanto aos pellets, o custo do MWh é superior ao da energia elétrica no horéario
fora de ponta, em 17,21%, mas se comparado a energia elétrica no horéario de ponta o valor
do MWh é inferior em 21,69%.

Tabela 4.6:Comparagdo entre o custo do MWh das Biomassas e do MWh da Energia Elétrica

Tipo de Biomassa Valor do MWh (R$/MWh)
Lenha R$ 109,42
Bagaco de Cana de AgUcar R$ 111,06
Pellets R$ 155,83
Energia Elétrica — Fora de Ponta R$ 129,00
Energia Elétrica — Ponta R$ 199,00
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4.4 Conclusoes

A adogdo de equipamentos e combustiveis mais eficientes, econdmicos, e que
geram menos emissdes ao meio ambiente, deve ser analisada com atencdo pelas empresas,
especialmente pelos 6rgdos publicos, pois refletird diretamente sobre a imagem que seu

publico alvo fara da marca; além de estar agregando valor aos recursos adotados.

Verificou-se na Figura 4.2 que o valor do MWh do bagaco da cana, considerando
apenas o custo do combustivel, é inferior ao da lenha e ao dos pellets. No entanto, 0s
custos indiretos, principalmente relacionados com o transporte, o fornecimento e o

armazenamento desse recurso, ndo o apresenta como um recurso atrativo.

A andlise e o estudo detalhado dos resultados apresentados na Tabela 4.2 e nos
modelos de negdcio para o empreendimento, qual seja, a escolha da biomassa para uso nas
caldeiras do hospital, apontam a lenha como o recurso mais viavel e de menor custo. Essa
informacao, subsidia com mais consisténcia, a insercdo desse recurso na superestrutura do
hospital e consequentemente a otimizacdo do sistema de poligeracdo previsto,
possibilitando verificar com mais clareza a reducdo de custos e diminui¢do do impacto

ambiental.

O texto deste artigo difere ligeiramente da versdo submetida ao IV Simpdsio
Internacional de Gestdo de Projetos, Inovacdo e Sustentabilidade (IV SINGEP), devido as

observagoes e sugestdes apresentadas pela banca examinadora.
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ABSTRACT

The environmental impacts associated with an energy supply system are evaluated
here through the Life Cycle Analysis (LCA) methodology. A superstructure is
proposed to meet the energy demands (electricity, hot water, steam and cooling) of
the Lauro Wanderley University Hospital, located in Jodo Pessoa - PB. The
introduction of LCA nowadays has allowed for the planning of the system that
produces a service or product, and is capable of identifying opportunities to reduce
environmental loads, both in the use of resources and waste scenario considered.
The SimaPro® software was utilized, considering the availability of renewable
energy sources (solar photovoltaic, biomass). The material composition of the
equipment was considered, as well as lubricating oils and other composts used
during operation, and final waste scenario (recycling, reuse or landfill). It was
observed that the most polluting equipment was the diesel generator, which
presented the highest CO, emissions. Other equipment, such as the mechanical
chiller, heat exchangers and photovoltaic system, provided fewer emissions.
Regarding the fuel options, electricity generated the highest emissions, while
biomass promoted better results.

Keywords: Life Cycle Analysis, Polygeneration, Superstructure
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5.1 Introduction

The Lauro Wanderley University Hospital (HU) is located on campus | of the
Federal University of Paraiba, in Jodo Pessoa, and has an approximate architectural set in
44.000m2 area, of which about 9,000m? are under construction (HU, EBSERH, 2013).

According to Brazilian Company of Hospital Services (EBSERH, 2013), the HU is
the most important health center in the Atlantic Forest, which covers 14 cities of Paraiba,
and currently has 238 beds in Unified Health System (SUS), distributed in various
therapeutic wards, such as the clinical and surgical wards (CNES, 2014); Also note that
only the city of Jodo Pessoa, represents 61.24% of the population served by the first health
region (EBSERH, 2013).

If we consider the latest census conducted by the Brazilian Institute of Geography
and Statistics (IBGE, 2010), the population of the city of Joao Pessoa represented 723,515
inhabitants, as the census has conducted every 10 years and is making use of estimates, the
population estimated for the year 2014 was 780,738 inhabitants, which represents an
increase of approximately 7.91%. Parallel to population growth has also increased demand
for care. In 2012, for example, the number of monthly medical visits was 9,178 and the
annual reached 110,130; comparing the prediction made in 2014, the number of monthly
visits rose to 21,053 and the annual reached 252,636, which means an increase of almost
130% in the number of calls in a just two years’ time (EBSERH, 2013). The total
percentage of consultations increased far beyond population growth, which also represents
a significant increase in hospital energy consumption, and consequently in its operating

expenses, which caters exclusively to the SUS.

The current Brazilian energy crisis could, eventually, compromises the care of
some health care services, especially hospitals even though 46% of the country's energy
matrix is generated from renewable sources (hydroelectric) this feature today inspires the
attention and efforts of various governments so as not to extinguish (BEN, 2014). There is
also the environmental issue directly related to the energy crisis, as energy inefficiency and
waste are entirely related to the operation of the hospital, demanding power backup
systems available at any time, especially in places where it processes the hospital medical-

assistance.

Taking into account the abundance of sunlight in Brazil, solar energy emerges as

sustainable option among the renewable energy sources available, for application in
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heating water and hospital environments as well as in own generation lighting
(BITENCOURT, 2006). The panels or photovoltaic modules are produced from
photosensitive semiconductor devices, which capture sunlight and convert radiation into
electrical energy. Although not all have access to this kind of technology, because of the
cost of installation, some experimental programs conducted by CESP have enabled this
integration in the public health care system, such as the adoption of photovoltaic panels
held in 10 health centers located in the Valley region of the Ribeira. Thus, it was possible
to perform cooling of vaccines and serum, lighting, as well as the supply of the load
required for the operation of the VHF radio; as a result, it was noticed that the panels have
proved very efficient in power generation (as in minimum maintenance expenses), which
could facilitate its adoption in other public health facilities (FERREIRA, 1993).

According to ABNT (2015), the 1SO 14040, which addresses environmental
management, Life Cycle Analysis (LCA) studies the environmental aspects and potential
impacts throughout a product's life (from "cradle to grave "), from acquisition of raw
materials, through production, use and disposal (either disposal or recycling). Hinz et al.
(2006) measures the LCA as a simple methodology that will facilitate the analysis of the
environmental impacts generated by the activities of a company. With the creation of this
methodology, you can check not only the prevention of pollution itself, but a reliable
scheme that can help in the decision making process in order to generate the least possible
environmental impact, and even compare other methods in the same analysis (HINZ et al.,
2006).

A good example of its application would be the adoption of life cycle analysis in
buildings. LCA is an effective management tool, being able to detect the impacts to the
environment at every stage of its life (from extraction of raw materials and transportation,
energy consumption required to manufacture the produced materials and waste,
earthmovings, water consumption and energy needed for construction and use of the
building, demolition and maintenance) in order to evaluate and propose alternatives that
minimize environmental burdens potentially produced. (ENERBUILCA PROJECT, 2012).

That is, the life cycle analysis can be seen from project design to delivery and even
after maintenance delivery of construction. The Verdegreen Hotel, located in Jodo Pessoa —
PB, opened in December 2008 and its environmental management system (EMS) was

planned in 2009 and installed in 2010; when it started to adopt environmental policy
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together with the life cycle of materials, which included aspects of sustainability from the
building systems employees as well as the development of environmental awareness
among staff and even guests, which allowed this short period of operating results fairly
satisfactory, ranging from the reduction of environmental impacts and costs in own
building maintenance (RAMOS, 2013).

In 2012 it was adapted to ISO 14001 and was elected by the "Brazil Guide Prize" as
sustainable hotel of the year, offering inclusive the green leaf seal (which is conferred only
sustainable hotels) and Trip Advisor's excellence certification making it a sustainable
venture respected not only in Brazil but in the world. Among the environmental strategies
adopted, it has: natural lighting throughout the social area; use only reforestation wood in
construction; rainwater reuse, of sinks and showers to supply the gardens, orchards and
even toilets; smart elevators; organic garden, for purposes of consumption and
environmental education, as the host itself can help in the management of the garden; low
consumption LED lighting; water heating by solar energy; Most vendors found less than
100 km; dual drive discharges; use of recycled and certified paper; garbage selective
collect; conservation and maintenance of public garden; among others (SALGADO et al.,
2014)

This study will quantify the environmental impacts associated with the components
of the supply of energy superstructure of a hospital. Energy resources and equipment will
be assessed through technical life cycle analysis, which is the basis of the study that the
future will serve as a technical reference in decision making photovoltaic deployment in

Lauro Wanderley University Hospital, located in Jodo Pessoa-PB.

5.2 Materials and Methods

According to the Society of Environmental Toxicology and Chemistry, apud
Fullana & Puig (1997), one can define the Life Cycle Analysis as a process capable of
evaluating environmental burdens associated with a product, process or activity in order to
identify and quantify all materials and energy necessary for it to be produced. LCA also
allows find out what the possible impacts to the environment, providing an overview of the
entire chain (starting from the extraction of raw materials and ends at the final disposal of
waste). This analysis will be critical in the decision making process, as well as creating
measures to minimize the impacts may also influence the final cost of the product, process

or activity.
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Starting from that point as a reference, it is clear that LCA is an important
mechanism to be used in decision-making because it allows to evaluate from
environmental issues (such as the polluting gases allocated to production or transportation
of a product, the degrading effects that the installation of a specific activity may generate a
location) to the viability of the cost. In other words, it is a very complex report that allows
the evaluation of several decision parameters, which mostly include the environment, to
optimize processes and materials for minimal waste possible, and therefore, the minimum

possible impact.

In the face of this, the present study made use of LCA as technical and
environmental assessment process to measure the environmental impact associated with
the constituent elements of an energy superstructure proposal for the Lauro Wanderley

University Hospital, located in Jodo Pessoa (Paraiba).

As it is an assistance unit, where continuity and reliability of energy supply are
extremely important requirements, the study proposes a superstructure (Figure 5.1)
equipment to meet the energy demands of electricity, hot water, steam and cooling. All
hardware which make the superstructure are commercially available technologies as well
as energy resources necessary for their supply. In this context, it is thought the ability to
improve energy generation from the hospital, with the use of conventional non-renewable
sources, solar panels were inserted to generate electricity and biomass to produce heat.
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The use of biomass has grown considerably in Brazil, particularly biomass waste,
waste from crops such as sugarcane, cassava, soy, sorghum, corn and eucalyptus. The most
widespread is still derived from sugarcane, largely encouraged by the government with the
creation of the Incentive Program for Alternative Sources of Electric Energy (PROINFA)
in 2002, from the necessity to contain the energy crises in country, stemmed from a lack of
oil, coal and water (BRAZIL, 2002).

From then on, this energy resource already represents 7.6% of electricity generation
in the country, second only to natural gas (11.3%) and water resources, representing 70.6%

of electricity generation (EPE , 2014).

According to the IEA (2012), solar energy along with geothermal and wind power
represent 0.4% of primary energy in Brazil. Although it seems little, compared to other
energy sources, if we take into account the existing availability in the country, about 2,200
hours of sunshine (national average per year), representing a potential equivalent to 15
trillion MWh, which corresponds to about 50,000 times the Brazilian energy consumption
(RODRIGUES, MATAUJS, 2004).

Photovoltaic solar energy is characterized by the production of electric current
through direct capture sunlight. This current is collected and processed by device drivers
and converters which can be stored in batteries or used directly in systems connected to the
grid (VILLALVA & GAZOLI, 2013). The insertion of this type in the superstructure
system is mainly motivated by the use of the sun as an energy resource, to strengthen the
conventional supply being suggested here the interconnected system, since, in the case of a

hospital and continuity of supply must be maintained.

The Life Cycle Analysis was performed using the software SimaPro (Pré
Consultants, 2015) which is a world leading program in LCA segment keeping in view its
wide range of existing databases and their compliance with the recommendations of the
ISO 14040 standards and 14044, dealing with the adoption of LCA in the environmental
impact assessment (ABNT, 2015). In SimaPro you can analyze all processes and input and

output streams on the form of inventory, engaged in any activity (COSTA, 2012).

Among the various databases available in version 8.0.3 of the Simapro the
Ecoinvent (Version 3) (Ecoinvent, 2013) was chosen, bearing in order to have photovoltaic
solar panels, one of the objects of analysis in this study. The Ecoinvent is considered today

as the leading global provider of life cycle inventory, and this is due to the quality of the
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data it obtained (from studies based on industrial science) capable of generating broad and
rigorous evaluations, with life cycle indicators of the materials (Ecoinvent, 2013).

The method IPCC, 2013 version, for environmental impact assessment was adopted
the which express environmental impacts in kg CO eq, then air emissions are quantified
and multiplied by a conversion factor (IPCC, 2014). Developed by the Intergovernmental
Panel on Climate Change, which lists possible climate change factors between periods of
20, 100 and 500 years, the method has a targeted approach to the problem (midpoint). With
the chosen database (Ecoinvent 3), the program allows confront the characterization factors
of an activity or product (in this study, the implementation of photovoltaic cells) to

generated emissions.

In this context it was held the LCA of energy superstructure to the Lauro

Wanderley Hospital, considering all their necessary equipment and energy resources.

To do the analysis was necessary to insert all the data relating to equipment (such
as material composition and consumption), in Simapro, which caused inventories
processes, as well as the very assembly of equipment and disposal (which culminated in

detailing all emissions from assembly through to recycling or disposal of materials).

From there, a flowchart representing each stage of LCA from manufacturing to re-
use was prepared analyze which of the equipment would be more effective among the
above.

52.1 Scope of Analysis

Armed with all the necessary information about the equipment, it began compiling
the inventory (key piece in LCA). Through data collection (raw material, energy,
manufacturing and transportation), it became clear all inputs and outputs of resources in

order to assist in the comparison process between the proposed equipment and resources.

More broadly, it can be said that the Simapro allows you to draw a schematic map
of each component. This is due to the inclusion of all data concerning each (specifying
materials), as well as in measuring the information required for its use (water, fuel and

transportation when necessary), maintenance and final disposal.
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It was felt that in some equipments for wastewater and the oil used were treated and reused and when this
reused and when this was not possible, they were discarded. Each equipment of the superstructure was
superstructure was detailed with the specification and chemical composition informed by the manufacturers.
the manufacturers. Table 5.1 following the considerations of the main materials of each equipment that
makes up the superstructure considering a useful life of 15 years. Then,

Table 5.2 shows the characteristics of energy sources used in the energy supply of

the system.
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Table 5.1: Main components of the superstructure equipment

Item Equipment suggpecsttlt?unciﬂre V\Eilg)ht Material Composition (kg)
01 Gas Engine Power generation, hot | 1,620 Low Alloy Steel = 225, cast iron = 1,300,
water and chilled water. decarbonized water user = 660, lubricating oil =
540, chrome steel plate = 75, polyvinyl chloride
(PVC) =5 (wiring) (CATERPILLAR, 2014).
02 Diesel Generator | Power generation and | 5,118 Plate chrome steel = 375, cast iron =3,500,
hot water, chilled water lubricating oil = 1,292, low alloy steel = 300,
Synthetic rubber = 50, decarbonized water user
= 870, polyvinyl chloride (PVC) = 20, Battery =
240, copper = 105 (for wiring).
Obs.:Battery composed of: sulfuric acid = 0.250,
Lead = 0.250, = 0.500 Polypropylene
(CATERPILLAR, 2014).
03 Biomass boiler Hot water and steam | 2,000 Chromed steel tube = 200, chrome steel = 1,780,
production chromed steel plate = 37.50, Copper =50,
Polyvinyl chloride = 10 (for wiring)
(MULTINOX, 2015).
04 Boiler electricity | Hot water and steam | 1,630 Rock wool = 115, aluminum anodized sheet =
and natural gas production 77.328, low alloy = 490 steel, chrome steel =
980, chrome steel plate = 37.50, Copper = 50,
Polyvinyl chloride (PVC) = 10 (for electrical
installation) (MULTINOX, 2015).
05 PhotovoltaicSystem | Electricity production 4,000 Photovoltaic panel = 1,200 (KYOCERA, 2014),
inverter 500 kW = 2,445, chrome steel plate =
37.50, Copper = 300, Polyvinyl chloride (PVC)
= 25 (for wiring) (SANTERNO, 2014).
06 | Chiller mechanical | Mechanical cold 2,536 Scroll compressors type = 120, decarbonized
production water by User = 4.92, rigid polyurethane foam =
(refrigeration) 30, anodized aluminum sheet = 106.43, chrome
steel = 2000 Copper = 30, Polyvinyl chloride
(PVC) = 10, Chapa chrome steel = 37.50 (for
wiring) (CARRIER, 2014).

07 | Heat exchanger - Steam conversion in 96.90 Titanium dioxide = 2, iron alloy chrome =
(Steam-Water hot water 93.35, Epoxy Resin = 0.5 (EVACON, 2014).
Hot)

08 | Heat exchanger - Hot Conversion cooling | 78.70 Titanium dioxide = 3, iron alloy chrome = 75,
(Cooling Hot water Epoxy Resin = 0.5 (EVACON, 2014).

Water Water)
09 | Cooling Tower Evacuated heat not 3,000 Fiberglass = 2,622, cast iron= 200, copper = 10,
usable for the chrome steel plate = 37.50, povinila chloride
environment (cooling (PVC) =10 (for wiring) (ALPINA, 2014).
water)

10 | Cooling machine Cold water production | 9,500 Lithium bromide = 2,200 chrome steel = 7,418,
for Simple (cooling) chrome steel plate = 37.50, Copper = 30,
Absorption Effect Polyvinyl chloride (PVC) = 10 (for wiring)

(CARRIER,2014).
11 | Cooling machine Cold water production | 8,800 Lithium bromide = 1.600, chrome steel = 7,338,

for Double Effect
Absorption

(cooling)

chrome steel plate = 37.50, Copper = 30,
Polyvinyl chloride (PVC) = 10 (for wiring)
(CARRIER,2014).
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Table 5.2: Energy Resources considered in the superstructure

Iltem Resource Considerations for 1 kWh

01 | Natural Gas Formed mainly by methane, ethane, propane and
butane.

02 | Diesel QOil Formed mainly of carbon, hydrogen and low
concentrations of sulfur, nitrogen and oxygen.

03 | Biomass Processing of sugarcane bagasse combustion to
produce heat and electricity.

04 | Conventional Electricity produced by high voltage power plant;
Electricity 0.4804 kWh

Electricity produced by high voltage power plant;
0.4458 kWh

Electricity produced by high-voltage wind farm:
0.0738 kWh

Broadcast networks: 700 km

Distribution Networks: 20 km

5.2.1.1 Gas Engine

For the gas engine was considered the remanufacturing by the manufacturer, since
it provides the possibility. To make this possible, it was stipulated in the calculations of
LCA shipping to import, given that the location of the manufacturer is in another country
(USA), estimated distance in 8,400 km; and, over the useful life of the equipment (15
years), it was considered that the equipment would be sent back to the manufacturer for
remanufactured, and the other directed to the municipal waste landfill Joao Pessoa
(distance of approximately 21.4 kilometers from hospital). In this case, they considered the

terrestrial transport and by ship for delivery, useful afterlife, back to the manufacturer.

5.2.1.2 Diesel Generator

In the case of diesel generator, it was estimated that it would be recycled by a
company specializing in recycling industrial equipment located 2,700 km hospital, then,
truck transportation to send to the company was considered in the analysis. As to the
treatment given in addition to the waste water and oil, it was considered that the treatment
also extend to waste rubber, P\VC and scrap copper used in the conductors for wiring the
same, as well as lead scrap batteries collected for local appropriate for your collection and
disposal. And the remnant waste directed to the municipal landfill in Jodo Pessoa, with

approximate distance of 21.4 km.

5.2.1.3 Boilers for producing hot water and steam
In the superstructure, there are six boilers to produce steam and hot water, two

biomass, two natural gas and two electricity. Material composition of equipment is almost
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the same and the significant change in the analysis is through fuel used in each of which

will be analyzed in a future work optimization.

For boilers, it was considered recycling (PVC, copper, steel and aluminum) by a
company specializing in industrial equipment, located 2,700 km in hospital. For disposal, it
was considered that the waste would be directed to the municipal landfill Jo&o Pessoa, at a
distance of 21.4 kilometers.

5.2.1.4 Photovoltaic system for the production of Electric Power

For the PV plant, it was estimated the availability of 200 photovoltaic solar panels,
which occupied the corresponding area is 328m? and 100 inverters of 500kW. As the
proposed system is interconnected to the electric grid, were not provided batteries for

energy storage purposes.

It was considered transport both for the supply of components and for recycling
(PVC waste, glass and copper and aluminum scrap), carried out by a specialized company,
apart from Joao Pessoa about 2,700 km. As for the other waste that cannot be reused,

predicted up its focus on municipal landfill at a distance of 21.4 km.

5.2.1.5 Mechanical Chiller

Recycling was estimated for polyurethane waste, aluminum and PVC, as well as
copper scrap, with the company responsible for transporting these materials to own
recycling company (distance estimated at 2,700 kilometers); as the other waste, it was
considered that would be assigned to the municipal landfill (distance 21.4 km).

5.2.1.6 Heat Exchangers
It was set recycling of PVC waste and scrap iron, steel and copper by a company
specializing in the business (estimated distance of 2,700 km); and other waste disposed to

the municipal landfill (distance 21.4 km).

5.2.1.7 Cooling Tower

It was considered recycling by a specialized company (distance estimated at 2,700
kilometers) for glass fiber waste and scrap steel, iron and copper; as the other waste, it

stipulated that would be directed to the municipal landfill (distance 21.4 km).

5.2.1.8 Refrigeration machines by absorption

83



It was estimated the recycling by a specialized company, approximate distance in
2,700 km to PVC waste, glass and copper scrap and aluminum; other solid waste disposed

in municipal landfills (approximate distance 21.4 km).

5.2.1.9 Energy Resources
For natural gas and diesel oil were used processes in the software database
Simapro. The composition was considered in the calculation for generating 1kWh energy

of each fuel.

In the case of biomass, it was used as a source the sugarcane bagasse resulting from
sugar manufacturing process alcohol, ease of supply, since in the state of Paraiba are cane

sugar plants.

For conventional electricity were considered every step of the Electric Power
System (EPS), and Generation, Transmission and Distribution to the delivery point of the
hospital. The energy matrix used was based on information obtained in Information
Preliminary Operating Daily issued by the National Electric System Operator (ONS,
2014), the load and power supply in northeastern Brazil by the National Interconnected
System (SIN), with reference the average percentage seen in a day of the months of
January, April, July and October. In this composition were considered 48.04% of the
energy produced from hydroelectric, thermoelectric 44.58% and 7.38% wind (ONS, 2014).

5.3 Analysis of Environmental Impact

Table 5.3 shows the CO; equivalent emission data in kg for equipment used in the
superstructure.
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Table 5.3: CO, emissions for the superstructure equipment

Equipment kg CO,-eq

Gas Engine 353

Diesel Generator 6,98 10°
Steam boiler for the production of Biomass 2,73 10°
Biomass boiler for hot water production 2,7310°
Boiler electricity for steam production 2,2310°
Boiler electricity for steam production 2,2310°
Natural gas boiler for steam production 2,2310°
Natural gas boiler for steam production 2,2310°
Heat exchanger - (Hot Water VVapor) 1,50 10°
Heat exchanger - (Cooling Hot Water Water) 1,47 10°
Cooling tower 9,7110°
Cooling machine by absorbing Single Acting 3,25 10°
Cooling machine for Double Effect Absorption 2,47 10°
Photovoltaic system 1,56 10°
chiller Mechanical 1,39 10°

Table 5.4: CO, emissions for 1 kWh of energy resource consumption.

Energy Resource kg CO»-eq/kWh
Natural Gas 0.256
Diesel Oil 0.319
Biomass 0.147
Electricity 0.580

Among the equipment that make up the superstructure, it is observed that the diesel
generator (Figure 5.2) is what contributes most negatively with the emission of CO; into
the atmosphere during its lifetime, followed by boilers used to produce steam and water
hot. The fact that it was considered in the process, sending the equipment, ground
transportation, and after the end of that life, for a company specializing in disposal and
remanufactured industrial equipment, 2,700 km from the hospital, strongly contributed to
this amount of CO, emissions. The photovoltaic system (Figure 5.3) also stands in
CO.emissions due to its import and the use of frequency inverters. As planned disposal
also by independent experts, ground transportation to disposal site is an important process

in the contribution of CO, emissions by the system.
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The equipment that was positively highlights in this superstructure, according to the
data reported in Table 5.4 is the gas engine, since the manufacturer receives the equipment
back after the useful life of reuse of the same (Figure 5.4).
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In the case of energy resources, the greatest amount of CO, emitted was the
production of 1 kWh of conventional electricity as they have been considered in the
process, all stages, from generation to point of consumption for the production of

electricity.

Another factor analyzed on these features was the proximity of the University
Hospital with Biomass plants, since the state of Paraiba has eight plants installed. By Table
4 it is clear that biomass bagasse from sugar cane was the feature that generated the least
impact in terms of CO, emissions (0.147 kg CO;) for each kWh, compared to other
commonly used fuels such as diesel, which showed 0.319 (kg CO,), and the very

conventional electricity, which emits 0.580 kg CO, per kWh generated.

Also, in terms of price, biomass has more attractive price relative to other fuels,

making it a great option to be subject including, enlarged, energy use of the enterprise.

When it comes to decision-making, one should not take into account only the cost
of equipment or your lifetime, this is only the economic aspect, but all the benefits that will
be produced during this time; this is where comes the concern for environmental issues and

the resources employed in them.

The LCA proposed here aims to subsidize, through the equivalent CO, emissions
information, the construction of an optimization design of the studied superstructure,

seeking the setting equipment to have less environmental impact. In this context, it is

87



necessary to conduct further analysis of the indicators available, since, as it is a hospital,
you may want to include health indicators in the study.

5.4 Conclusions
Adopting more efficient, economical equipment, and generate less emissions to the
environment, it should be analyzed carefully by enterprises, especially by public sectors, as
reflected directly on the image that your target audience will make of the brand; besides

adding value to be adopted resources.

It is clear that a device that requires more energy resources, especially a fuel with a
higher consumption compared to other, more negative will be the impact on the
environment. Furthermore have higher maintenance requirements, and that is designed for
a certain period of use, will not always (bearing in mind that the higher the usage, the
greater the wear and damage of its physical components). This is where the life-cycle
approach comes as through an analysis of the various equipment possibilities (and energy
resources to be adopted), are taken into account numerous factors, particularly
environmental, which over the cycle life of materials will determine what equipment will

be most suitable for the project.

It is a thorough and qualitative study, which, though still little spread in Brazil, is
an important environmental management tool because it is able to set goals (whether for
equipment, for a sector or for a whole project), which will be seen previously, and

managed throughout the period determined by the company.

The measurements provided here and will be studied in detail the decision criteria
inserted in an energy supply optimization model to a hospital. To achieve reduction of
environmental impacts goals, first must be quantified and then make disclosure.

O texto deste artigo difere ligeiramente da versdo submetida ao «“23" International
Congress of Mechanical Engineering” (COBEM), devido as observacGes e sugestdes

apresentadas pela banca examinadora.
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ABSTRACT

The environmental performance of products, services and processes has become
one of the key issues in today’s world, and it is important to examine ways in which
negative effects on the environment are assessed. Life Cycle Analysis (LCA) is one
of the most utilized, popular and validated methodologies to quantify
environmental impacts, encompassing the extraction of raw materials, manufacture,
transportation or distribution, utilization, and final waste scenario. One of the
reasons for undertaking a Life Cycle Analysis study is that there are growing
concerns about a variety of environmental issues expressed by public opinion,
political bodies and industry. Energy use and its associated primary energy
consumption and emissions are important contributors to the life cycle impacts of
many products and processes, as well as to greenhouse gas inventories of entities,
products, and countries. LCA can be used to calculate the environmental loads
(e.g., emissions of greenhouse gases) associated with the consumption of units of
energy (electricity, heat, coolth, for instance). In this way, energy supply systems
can be ranked according to their corresponding emissions of greenhouse gases. The
advantage of analyzing full life cycles as opposed to using only emission factors is
that renewable systems can be compared with systems based on fossil fuel
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combustion. The novelty presented herein is two-fold: i) utilization of
environmental data obtained from application of the LCA technique as a decision
criterion at the time of optimizing an energy supply system, and ii) application of
the methodology to a hospital located in Northeast Brazil. Regarding the state of
LCA in Brazil, most of the studies have been undertaken in the South and Southeast
regions - therefore the application to the Northeast region could help disseminate
good practice. The energy supply system is optimized through the solution of an
optimization model based on Mixed Integer Linear Programming (MILP). The
optimization encompasses the configuration of the system (type and number of
equipments installed) simultaneously with the operational strategy (how each
equipment operates), providing an energy supply system with minimum
environmental impacts. These environmental impacts are associated with the
production of each piece of equipment installed and the consumption of energy
resources (natural gas, diesel, biomass, etc). The objective function to be minimized
considered initially the CO,-equivalent emissions, as established by the IPCC GWP
100a method (concerned with global warming). The energy supply system was
optimized considering specific energy demands of a Northeast Brazil hospital,
starting from a superstructure that included cogeneration modules, boilers, chillers,
heat exchangers and even the possibility of installing photovoltaic (PV) solar panels
for the production of electricity. Also considered was the possibility that electricity
produced by the PV panels could be fed into the electric grid, in accordance with
legal regulations, and consequently realize economic benefits. The results of the
optimization are interesting because they reveal the most environmentally-friendly
energy supply system to be installed, which is in line with current research that
focuses on utilizing environmental criteria to aid in decision making.

6.1 Introduction

The environmental performance of products, services and processes has become
one of the key issues in today’s world, and it is important to examine ways in which
negative effects on the environment are assessed. One of the reasons for undertaking a Life
Cycle Analysis (LCA) study is that there are growing concerns about a variety of
environmental issues expressed by public opinion, political bodies and industry.
Environmental concern may be related to the long-term resource base of human societies
or may be more health related or it may be a concern for the natural environment as such

(Baumann & Tillman, 2004). LCA is one of the tools that can be used for such a purpose.

LCA can be defined as the “’compilation and evaluation of the inputs, outputs and
potential environmental impacts of a product system throughout its life cycle’” (Guinee et
al., 2001). The objective of LCA is to describe and evaluate the overall environmental
impacts of a certain action by analyzing all stages of the entire process from raw materials
supply, production, transport and energy generation to recycling and disposal stages -

following actual use, in other words, “from the cradle to the grave” (WEC, 2004). The

93



environmental burden covers all types of impacts upon the environment, including
extraction of different types of resources, emission of hazardous substances and different
types of land use. The term ‘product’ is taken in its broadest sense — including physical
goods as well as services; it includes goods and services at both operational and strategic
levels (Guinee et al., 2001).

Energy use and its associated primary energy consumption and emissions are
important contributors to the life cycle impacts of many products and processes, as well as
to greenhouse gas inventories of entities, products, and countries. LCA can be used to
calculate the environmental loads (e.g., emissions of greenhouse gases) associated with the
consumption of units of energy (electricity, heat, coolth, for instance). In this way,
alternative systems may be ranked according to their respective emissions of greenhouse
gases. The advantage of analyzing full life cycles as opposed to using only emission
factors is that renewable and nuclear systems with no direct (stack) emissions can be
compared with systems based on fossil fuel combustion (WEC, 2004).

There are actually two innovations presented herein: i) utilization of environmental
data in the objective function of a mathematical model for the optimization of an energy
supply system, and ii) application of the methodology to a hospital located in Northeast
Brazil. Regarding the state of LCA in Brazil, most of the studies have been undertaken in
the South and Southeast regions - therefore the application to the Northeast region could
help disseminate good practice. The energy supply system is optimized through the
solution of an optimization model based on Mixed Integer Linear Programming (MILP).
The optimization encompasses the configuration of the system simultaneously with the
operational strategy, providing an energy supply system with minimum environmental
impacts. These environmental impacts are associated with the production of each piece of
equipment installed plus the consumption of energy resources (natural gas, diesel, biomass,

etc) to satisfy the energy demands of the consumer center.

6.2 Polygeneration System
The study case is a university hospital, with 420 beds, located in the city of Jodo
Pessoa (Northeast Brazil). The energy demands considered were electricity (lighting and
equipment), hot water (internal consumption of the hospital), steam (laundry) and coolth
(a/c for comfort). Hospitals are good study cases for optimization because they present

regular, stable energy demands. The study considered an entire operational year,
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subdivided into two representative days per month (weekday and holiday/weekend), with
24 hourly periods each.

Real electricity data was provided by the hospital. Coolth, hot water and steam
demands were disaggregated through the utilization of climate data, degree-days method,
occupation and energy audit data (Erbs, Klein & Beckham, 1983; Climaticus 4.2, 2005;
Nepote, Monteiro & Hardy, 2009; Araujo, 2004). The hospital presents the following
annual energy demands: 2791 MWh of electricity, 1947 MWh of hot water, 138 MWh of
steam, and 2309 MWh of coolth.Table 6.1 shows the energy demands for the hospital,

throughout the year.
Table 6.1: Energy demands of the hospital.

Month n Electricity Hot Water Steam Coolth
Representative (cjays fyear) Total Total Total Total
Day MWh/day MWh/day MWh/day MWh/day
Janw’ 20 8538 3543 0.465 5961
Janh™ 11 6315 3543 0.233 4360
Feb w 19 9696 6436 0.465 6472
Feb h 9 6247 6436 0.233 4290
Mar w 20 9861 6436 0.465 8013
Mar h 11 7474 6436 0.233 5443
Aprw 20 9949 6436 0.465 7071
Aprh 10 7348 6436 0.233 4737
May w 20 8901 6436 0.465 7895
May h 11 6383 6436 0.233 5534
Junw 19 7489 5032 0.465 7768
Junh 11 6832 5032 0.233 5259
Julw 20 6568 3881 0.465 5186
Julh 11 6045 3881 0.233 3760
Aug w 20 5954 3881 0.465 7343
Aug h 11 4681 3881 0.233 4941
Sep w 21 6686 3881 0.465 7483
Sep h 9 4755 3881 0.233 5046
Octw 20 8041 5284 0.465 8834
Octh 11 5969 5284 0.233 6057
Nov w 20 9309 6436 0.465 8260
Nov h 10 6022 6436 0.233 5627
Dec w 20 10360 6436 0.465 5912
Dec h 11 7389 6436 0.233 3879
z MWh/year MWh/year MWh/year MWh/year
Ano 365 2791 1947 138 2309

*w = weekday; ** h = holiday/weekend

One of the major steps in Mixed Integer Programming is the definition of a
superstructure that represents all options available for equipment and energy resources.
Figure 6.1 depicts the superstructure of the energy supply system for the hospital located in

Jodo Pessoa, following the scheme of Carvalho & Millar (2012).
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Figure 6.1: Superstructure illustrating all potential conversion pathways considered.

The available utilities were electricity (EE), diesel (DI), biomass (BM), Natural gas
(NG), steam (VA, 180°C), hot water (HW, 90°C), cooling water (CW, t, + 5°C), ambient
air (t,°C), and chilled water (CO, 5°C). A positive node denotes supply/production of

energy and a negative node denotes consumption. The horizontal lines represent the energy

forms considered at the site, into which the equipment (vertical lines) are connected to

consume or produce energy.

Table 6.2 shows the technical and economic characteristics of the equipment that

belong to the superstructure (Figure 6.1). The rows indicate the technologies available, and

the columns indicate the energy resources. The coefficient in bold indicates the flow that

defines the productive capacity of the equipment, and positive and negative coeffic

ients,

indicate, respectively, that an energy flow is either produced or consumed. At the time of

writing, 1 US$ = 2.50 R$.
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Table 6.2: Matrix of technical production coefficients and technology data (Carvalho, Romero & Millar,
2014).

Technical production coefficients Equipment

Cost Cost Nom.
GN BM DI VA AQ AR AA AF EE CINV O&M Power
(10° (US$/  PNOM
US$) Mwh)  (MW)
Gas engine -2.63 1.10 0.45 1 185.00 6.00 0.41

Diesel engine -2.66 0.80 050 1 90.80 6.00 0.36
Steam boil (BM) -1.40 1 20.40 3.20 0.25
Steam boil (GN) -1.18 1 21.29 0.89 0.30
Steam boil (EE) 1 -1.15 20.40 0.89 0.15
HX (VA-AQ) -1.10 1 3.56 0.89 0.40
Hot water boil (BM) -1.25 1 25.00 3.20 0.17
Hot water boil (GN)  -1.22 1 19.72 0.89 0.30
Hot water boil(EE) 1 -1.11 11.28 0.89 0.15

HX(AQ-AR) -1.10 1 2.96 0.89 0.40
Absorption chil (2x) -0.77 177 1 -0.01 | 186.08 4.00 0.46
Absorption chil (1x) -1.32 232 1 -0.01 | 215.88 4.00 0.49
Mechanical chiller 121 1 -0.21 58.00 177 0.28
Cooling Tower -1.00 1 -0.02 11.28 4.00 1.00

The PV system is constituted by PV panels and inverters (electricity storage will
not be considered). Information was obtained from consultation to PV panel (Kyocera,
2014) and inverter (Santerno, 2014) manufacturers. The cost of the system was US$
880/panel (including the cost for the panel, inverter, installation materials, transportation
and assembly). The area of each panel is 1.64 m2. The maintenance costs are US$ 10/m?2
per year. As the geographic latitude of the municipality of Jodo Pessoa is 07° S, the
inclination angle of the panels to be installed in the hospital must be 10°. Historic hourly
radiation data (W/m?2) were available from the CLIMATICUS database (2005).

Electricity was charged with an hour-seasonal tariff, presenting differentiated tariffs
for peak and off-peak periods: US$51.60/MWh for off-peak periods, and between 18h and
21h the peak value was US$79.60/MWh. Steam demand was considered constant during
the period in which the sterilization central was open, during 6h and 20h, in addition to the
steam demand of a hot counter in the restaurant, during lunch and supper times. The hot
water demand presents two contributions: laundry (operating between 8h and 18h), and the
internal use of the hospital (no interruptions). The tariff for natural gas (US$48/MWh —
PBGAS, 2013) does not include hourly or seasonal differentiation, as is the case of diesel
(US$59.60/MWHh). Due to the location of Jodo Pessoa, the biomass considered herein
originates from sugar cane bagasse, and the final price was U$ 13.20/MWh (considering
15.40 MJ/kg dry matter and 0.787 dry matter/kg).

A lifetime of 15 years was considered for the system, with an interest rate of 10%
y-1, obtaining a capital recovery factor of 0.13 y-1. The system was designed to interact

with the electric grid also through the export of autogenerated electricity, considering the
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credit compensation scheme set out by BRASIL (2012). In this energy compensation
system, surplus generated electricity can be fed into the distribution grid and registered as
energy credits, which can be consumed in up to 36 months. This special regime for
electricity exports applies to photovoltaic- and natural gas- produced electricity. Finally,
the problem to be solved consists of two simultaneous tasks: selection of the combination
of technologies (type and power installed) that are capable of meeting the energy demands
of the hospital, and establishment of the operation mode for all equipment installed, for

each time interval defined.

6.3 Life Cycle Analysis

It takes considerable effort to conduct an LCA study, exploring large industrial
systems, collecting and analyzing a great amount of environmental information (Baumann
& Tillman, 2004). A brief overview of the basic LCA process is provided for context when
interpreting the findings. A framework for LCA has been standardized by the International
Organization for Standardization (ISO) in the ISO 14040 series (ISO 14040, 2006; 1SO
14044, 2006). This LCA framework consists of the following elements (Carvalho, Serra &
Lozano, 2011): (1) Goal and Scope definition, which specifies the goal and intended use of
the LCA and delineates the assessment (system boundaries, function and flow, required
data quality, technology and assessment parameters); (2) Life Cycle Inventory analysis
(LCI), which includes the collection of data on inputs and outputs for all processes in the
product system; (3) Life Cycle Impact Assessment (LCIA), which translates inventory data
on inputs and outputs into indicators about the product system’s potential impacts on the
environment, human health, and availability of natural resources; and (4) Interpretation, the
phase where the results of the LCI and LCIA are interpreted according to the goal of the
study and where sensitivity and uncertainty analysis are performed to qualify the results

and conclusions.

Because of the potential impacts of global warming and its associated climate
change, greenhouse gases (GHG) were chosen to represent the environmental loads. The
more general category name climate change replaced the formerly used greenhouse effect
and global warming (Udo de Haes, 2002). Because the average tropospheric lifetime of all
greenhouse gases, even of the relatively short-lived ones (CH4, about 10 years), exceeds
the tropospheric mixing time (about 1 year), it is not important where the emissions occur.

Climate change is therefore a truly global impact category (Udo de Haes, 2002).
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Although the geographic scale of GHG emissions is global, special care must be
taken at the time of defining the LCA processes and data utilized, as the results will vary
greatly if, for example, different production methods and transportation are used. This will
result in a great difference in environmental loads if natural gas is consumed in Spain
(originating from Algeria, liquefied, transported in Liquefied Natural Gas carriers, and
regasified before being distributed via pipelines) or Canada (originating from the province

of Alberta, transported and distributed in pipelines).

The impact evaluation method chosen to represent the environmental loads was the
2013 version of IPCC, which expresses environmental impacts in kg COj,-eq after
atmospheric emissions are quantified and multiplied by a conversion factor (IPCC, 2014).
The reader is directed to IPCC (2014) for a more complete description of the method.
Software SimaPro v. 8.0.4 (PréConsultants, 2015) was utilized for the quantification of
environmental impacts, and the database utilized was Ecolnvent version 3 (Ecolnvent,
2014).

6.3.1 Equipment

For each item present in the superstructure (Figure 6.1), the environmental
emissions were calculated as the sum of the partial emissions for each stage (construction,
operation and maintenance, and dismantlement and disposal). Data on the material
composition of each piece of equipment were obtained after exhaustive and extensive
consultation of catalogues and manufacturers. Table 6.3 shows the main material

composition and CO,-eq emissions associated (COE).

Table 6.3: Main material composition of technologies and corresponding environmental emissions.

. . - COE

Main material composition kg COreq
Gas engine Cast iron 1300 kg, Oil 540 kg, Low-alloyed steel 225 kg, PVC 5 kg, Steel sheet 2 m? 3.53 102
Diesel engine Cast iron 3500 kg, Oil 1292 kg, Low-alloyed steel 300 kg, Rubber 50kg, Copper 105 kg 6.98 10°
Steam boil (BM) Chromium steel 1980 kg, Copper 50 kg, PVC 10 kg 2.7310°
Steam boil (GN) Rock wool 115 kg, Al sheet 14 m2, Stainless steel 980 kg, low-alloyed steel 490 kgRock 2.2310°
Steam boil (EE) wool 115 kg, Al sheet 14 m? Stainless steel 980 kg, low-alloyed steel 490 kg 2.2310°
HX (VA-AQ) Fe-Ni-Cr allow 94 kg, Epoxy resin 0.5 kg, Titanium dioxide 3 kg 1.50 10°
Hot water boil (BM) Chromium steel 1980 kg, Copper 50 kg, PVC 10 kg 2.7310°
Hot water boil (GN) Rock wool 115 kg, Al sheet 14 m?, Stainless steel 980 kg, low-alloyed steel 490 kg 2.2310°
Hot water boil (EE) Rock wool 115 kg, Al sheet 14 m?, Stainless steel 980 kg, low-alloyed steel 490 kg 2.2310°
HX(AQ-AR) Titanium dioxide 2 kg, Fe-Ni-Cr alloy 75 kg, Epoxy resin 0.5 kg 1.47 10°
Absorption chil (2x) Li-Br 1600 kg, Stainless steel 7338 kg, Copper 30kg, PVC 10 kg 2.4710°
Absorption chil (1x) Li-Br 2200 kg, Stainless steel 7418 kg, Copper 30 kg, PVC 10 kg 3.2510°
Mechanical chiller Polyurethane 30 kg, Stainless steel 2000 kg, Copper 30 kg, PVC 10 kg 1.39 10*
Cooling Tower Glass fiber 2622 kg, Cast iron 200 kg, Copper 10 kg, PVC 10 kg, Steel sheet 1 m? 9.7110°
PV panel PV panel 1.64 m?, Inverter 1, Copper 1.5 kg, PVC 0.125 kg, Steel sheet 0.005 m? 7.80 10°
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The best available disposal scenario was considered for each material (recycling),
and all waste flows (lubricating oil, wastewater, Li-Br, etc) received adequate treatment
before disposal. The exception was the gas engine, which in its specific case considered
reuse of materials by the manufacturer, resulting in the impressive low emissions shown in
Table 6.3. All recycling options also considered transportation to the recycling site, which
significantly contributed to the final emissions, as a distance of 2200 km was considered

(the recycling site is located in Sdo Paulo, Southeast Brazil).

6.3.2 Energy utilities

Special care was taken to correctly adapt each existing process that would be
applicable to the optimization study herein presented. For the electricity mix, a 2014
average was considered (ONS, 2014) for the state of Paraiba: hydro 48.04%,
thermoelectrical (oil) 44.58%, and eolic 7.38%. Considering these percentages, the final
emissions associated with the consumption of 1 kWh from the electric grid were 0,580 kg
CO»-eq. This figure is very different from the overall Brazilian electricity mix, which

presents a much lower carbon content.

For the sugar cane bagasse, the emissions were 0.147 kg CO,-eq/kWh. These
emissions already take into account the drying of the bagasse. For natural gas, the
emissions were 0.256 kg CO,-eq/kWh consumed, and for diesel, 0.319 kg CO,-eq/kWh
consumed. Please note that these emissions refer to the consumption of one energy unit of
the utility; however, the optimization model will consider adequate conversion (Table 6.2)
to different energy forms. For example, the diesel generator will produce electricity at
0.848 kg CO,-eq/kWh, considering its electrical efficiency (1/2.66 = 37,6%).

The system boundaries were defined as in Figure 6.2, where the selfgenerated
electricity exported to the electric grid is evaluated at the same “environmental impact” as
the electricity imported from the grid, introducing the concept of avoided emissions as the
emissions avoided elsewhere by the production of electricity by the PV panels (avoiding
the purchase of electricity from the grid).
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Figure 6.2: Boundaries of the polygeneration system.

6.3.3 Optimization Model

A combinatorial optimization method, based on mathematical programming
(MILP), determines the optimal design and operation for the energy supply system. The
optimization model was implemented in LINGO 14.0 (2015), an optimization tool that
utilizes the combination of branch and bound and simplex methods in its solution
algorithm. The environmental objective function was the minimization of the total annual
impact (COyy):

Min COyor = COgiy + COppe (6.1)
Where COyix referred to the impact associated with the installation of equipment,

and COqy referred to the consumption of energy utilities to satisfy the energy demands of
the hospital. Then:

COgy = fam, o X;[NEI(i)  COE(i) + PV] (6.2)

where NEI(i) and COE(i) are, respectively, number of pieces of equipment installed
for technology i and the CO, emissions for the production of each piece of equipment. PV
refers to the PV panels. The environmental amortization factor fam, allocates the global

emissions throughout the lifetime of the system, and was 0.10 y™.

Considering that the year was divided into d representative days, which were in turn
subdivided into h hours, (d,h) represented the hth hour of the dth representative day. The
annual operation impact (COgpe), associated with the operation of the system was

expressed by:

COope = ZqZp[COpg ® Frg(d,h) + COe @ E,(d, h)- COc » Eg(d, h) + COppy ® Fiy (d, h) + COy; » Fg(d, h)](6.3)
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where CO refers to the emissions associated with the consumption of the different utilities:
ng (natural gas), ee (electricity), bm (biomass), and di (diesel). F refers to the amount
imported for each fuel, E, refers to electricity imported from the grid and Es refers to
electricity exported to the grid (and therefore counted as avoided emissions). Equations
(6.1-6.3) can be changed to consider economic costs. Capacity limits, production

restrictions, and balance equations were enforced in the optimization model.
Capacity limits: For each period (d,h) and for each technology i
POE(i,d,h) < NIN(i) ® Py, (i) (6.4)

where POE(i,d,h) is the energy production of technology i in the period (d,h), and Pyom IS
the nominal power of the equipment.

Production restrictions: For each period (d,h) and for cogeneration modules, the

production of energy was restricted to:
POE(i,d, h) = NES(i,d, h) ¢ P,y () with NOP(i,d, h)e{0,1, ..., NEI(D)} (6.5)

where NES(i,d,h) is the number of operational equipment of technology i in the period

(d,h).For each technology i, For each utility j ,
UI(, j,d, h) = PC(,j) » POE(), d, h) (6.6)

where UI(i,j,d,h) is the energy flow of utility j interchanged with technology i in the period
(d,h) and PC(i,j) is the absolute value of the production coefficient (Table 6.2).

Balance equations: For each period (d,h) and for each utility j:

Prod(j,d, h)- Cons(j,d,h) + Imp(j,d, h) - Exp(j,d, h)- Waste(j,d, h)- Demand(j,d,h) = 0 (6.7)
Prod(j,d,h) = 2X(i,j,d,h) « YTUP(, j) with YTUP(, j) €{0,1} (6.8)
Cons(j,d,h) = 2;X(,j,d, h) « YTUC(, j) with YTUC(, j) €{0,1} (6.9)
Imp(j,d,h) < YUP() » (Cons(j,d, h) + D(j,d,h)) with YUI(j) € {0,1} (6.10)
Exp(j,d,h) < YUS(j)  Prod(j,d, h) with YUE(j) €{0,1} (6.11)
Waste(j,d, h) < YUW()) » Prod(j, d, h) with YUW(j) € {0,1} (6.12)
Demand(j,d,h) < YUD()) ¢ (Prod(j,d,h) + P(j,d,h)) with YUD(j) €{0,1} (6.13)

YTUP(i,j) was 1 when technology i produced utility j. YTUC(i,j) was 1 when
technology i consumed utility j. Production (Prod), and Consumption (Cons) corresponded
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to internal utility flows. Imports(Imp), Exports (Exp), Waste and Demand correspond to
the utility flows interchanged between the energy system and the market environment.
Binary variables YUI(j), YUE(j)), YUW(j) and YUD(j) indicated, respectively, the
possibility of such interchanges.

6.4 Results and Discussion

The main criterion chosen to carry out the optimization of the energy supply system
was the total annual emissions (kg CO,-eq/year). Table 6.4 presents the results for the
optimizations carried out, considering that there are 200 PV panels available for

installation.

Table 6.4 presents three optimal solutions: economic and environmental optimals,
and a reference solution. The reference solution reflects the conventional way of installing
energy supply systems: restrictions were introduced within the optimization model to
prevent PV panels and biomass-driven equipment to be installed, while also excluding the

possibility of installing cogeneration modules and absorption chillers.
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Table 6.4: Minimum annual cost for the polygeneration system with 200 PV panels installed.

Economic Optimal

Reference system”

CO;,-eq optimal

Composition of system

Number (Installed Power)

Number (Installed Power)

Number (Installed Power)

Gas engine 0 (0 MW) - (0 MW) 1(0.41 MW)
Diesel engine 0 (0 MW) - (0 MW) 0 (0 MW)
Steam boiler (GN) 0 (0 MW) 1 (0.300 MW) 0 (0 MW)
Steam boiler (BM) 1 (0.250 MW) 0 (0 MW) 1(0.25 MW)
Steam boiler (EE) 0 (0 MW) 0 (0 MW) 0 (0 MW)
Heat exchanger (VA-AQ) 1 (0.400 MW) 1 (0.400 MW) 1 (0.40 MW)
Hot water boiler (GN) 0 (0 MW) 1 (0.300 MW) 0 (0 MW)
Hot water boiler (BM) 2 (0.340 MW) 0 (0 MW) 1(0.17 MW)
Hot water boiler (EE) 1 (0.150 MW) 1 (0.150 MW) 0 (0 MW)
Heat exchanger (AQ-AR) 0 (0 MW) 0 (0 MW) 1 (0.40 MW)
Double-effect absorption chiller 0 (0 MW) 0 (0 MW) 0 (0 MW)
Single-effect absorption chiller 0 (0 MW) 0 (0 MW) 1 (0.49 MW)
Mechanical chiller 3 (0.810 MW) 3 (0.810 MW) 3 (0.81 MW)
Cooling tower 1 (1.000 MW) 1 (1.000 MW) 2 (2.00 MW)
Photovoltaic panels 200 units 200 units

Electricity imports

Electricity produced by PV panels
Electricity credits

Natural gas imports

Diesel imports

Biomass imports

3244 MWhlyear
129 MWh/year

2663 MWh/year

4281 MWh/year

1528 MWh/year

297 MWh/year
129 MWh/year
760 MWh/year
9554 MWh/year

281 MWh/year

Initial investment in equipment US$ 587,089 US$ 374,670 US$ 1,022,892

Annual cost of electricity imports ~ US$/year 180,489 US$/year 233,979 US$/year 15,342
:;(npr:)urzta\sl credit with electricity US$/year - US$/year - US$/year 43,488
ﬁ;‘;éﬁ's cost of natural gas US$/year - USS$lyear 73,335 USSlyear 458,576
Annual cost of diesel imports US$/year - US$/year - US$/year  --

Annual cost of biomass imports US$/year 35,150 US$/year - US$/year 3708
Operation and Maintenance costs ~ US$/year 21,813 US$/year 16,716 US$/year 53,519
Annual cost of equipment** US$/year 76,322 US$/year 48,707 US$/year 132,976
TOTAL annual cost US$/year 331,774 US$/year 372,758 US$/year 620,633
CO; emissions for equipment kg CO,-eq/year 3,851,100 kg CO,-eq/year 2,291,100 kg CO,-eq/year 1,954,903

only

CO,-eq emissions for electricity
imports
CO,-eq emissions for electricity
exports
CO,-eq emissions for natural gas

kg CO.-eq/year 1,881,711

kg CO,-eq/year --

kg CO-eqfyear 2,482,917

kg CO,-eq/year--

kg CO,-eqlyear 172,222

kg CO,-eq/year441,039

imports kg CO.-eqlyear -- kg CO,-eq/year 391,230 kg CO-eql/year2,445,736
ﬁn%o?tqs emissions for diesel kg CO,-eq/year-- kg CO,-eq/year-- kg CO,-eq/year --
|Cr:nopzo$tqs emissions for biomass kg CO,-eq/year 391,448 kg CO,-eq/year -- kg CO,-eq/year41,296
CO>-eq emissions for kg CO.-eq/year 385,110 kg CO,-eqlyear 674,291 kg CO,-eq/year195,490

equipment**
TOTAL annual CO;-eq

emissions kg CO,-eqglyear 2,658,269

kg CO.-eqlyear 3,548,438 kg CO,-eqlyear 2,557,232

The reference solution installed hot water and steam boilers that operated on natural
gas, as well as one electrical boiler. All the electricity necessary to supply the hospital was
purchased directly from the grid. The cooling demand was met by mechanical chillers.
This solution presented the worst environmental emissions, almost 40% higher than those

of the environmental optimal.

When optimizing the system applying the economic criteria, the system took
advantage of the lower purchase cost of biomass and imported 2663 MWh/year for this

energy source to operate boilers. For the economic optimal, steam-hot water heat
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exchangers, and exclusively mechanical chillers were installed. Electricity was used to
drive the mechanical chillers and auxiliary machinery in this system.

A very different configuration was obtained for the environmental optimal (Figure
6.3): a natural gas engine with heat recovery was installed for the production of electricity.
In Figure 6.3, the installed equipment is shown in bold, while available but not installed
equipment are shown in gray. Only biomass boilers were installed along with both types of
heat exchangers (steam-hot water and hot water-refrigeration water). Electricity was
supplied to users by operating the gas engine cogeneration module, by the production of
the PV panels, and by purchasing a small quantity from an outside electric power
company. The environmental optimal suggested that environmental benefits are realized
through electricity exports. Trigeneration was installed in this case, as the cold water for
space cooling was supplied by the single effect absorption chiller and mechanical chillers.
Surplus not-consumed cogenerated heat was disposed of through heat exchangers. This
result was not totally unexpected as trigeneration systems have long been seen as good
alternatives to reduce emissions; however, the potential to reduce emissions depends also

on the electricity mix supplied to the system.

Distributed energy resource systems have been recognized as an environmentally-
friendly in comparison with conventional energy systems, as mentioned by Ren et al.
(2010); these systems can employ combined heat and power systems, PV systems, etc. and
help address global environmental problems. Saner et al. (2014) optimized the energy
supply for a Swiss building considering greenhouse gas emissions and particulate matter
formation, with a drastic shift from fossil fuel-dominated system to a biomass-dominated
system. You (2012) and Carvalho, Serra & Lozano (2011) have obtained divergent
solutions when optimizing from economic and environmental perspectives, corroborating

the results obtained herein.
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Figure 6.3: Optimal environmental system annual flows (MWh/year).

A progressive change has been observed in recent years: consumers, and society in
general, are starting to evolve towards a more environmentally-friendly conscience. This
conscience, along with restrictions on the emissions of environmental impacts, have in turn
changed how optimal solutions are obtained. Initially optimal solutions were based
exclusively on economic aspects. Nowadays, environmental aspects are beginning to be
introduced in optimizations, either as a main objective or as part of the objective (which

could include energy efficiency or economic terms).

This manuscript explained the incorporation of environmental information in an
optimization model for the energy supply of a hospital located in Northeast Brazil. The
Life Cycle Assessment methodology was applied for the quantification of environmental
loads, expressed by the emissions of CO,-eq (IPCC methodology). Environmental data
was introduced into the linear programming model, which determined the equipment to be
installed and how to operate each technology, in order to satisfy the energy demands of the
hospital. The optimal solution also provided all energy, economic, and environmental

flows.

The environmental optimal solution suggested that trigeneration is the best option
to minimize the environmental loads produced by the energy supply system. Natural gas
was imported from the grid to drive the gas engine, which produced hot water and
electricity to meet the energy requirements of the hospital. PV panels produced electricity,
and biomass was imported for hot water and steam boilers. A single-effect absorption

chiller utilized part of the cogenerated heat to produce coolth. Mechanical chillers helped
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with the production of coolth also. This optimal solution took advantage of the electricity
exports to achieve higher rates of avoided emissions, and realize environmental benefits to

lower the overall emissions of the system.

The optimization carried out herein was based on the emission on greenhouse gases
(IPCC, 2014). Future works could include the consideration of a different, perhaps more
global, impact assessment method for the calculation of environmental impacts. This
would likely provide a different result and help verify the effect of utilizing a more wider
perspective in the optimization. Also, sensitivity analyses could verify whether the
configuration varies when different electricity mixes are applied (different regions present
different mixes). The high emissions associated with the purchase of electricity could have
a considerable effect on the configuration of the system, as the municipality of Jodo Pessoa

counts with the largest thermal plant in the world (oil-based engines).

O texto deste artigo difere ligeiramente da versdo apresentada no “Global
Conference on Global Warming”, devido as observagdes e sugestdes apresentadas pela

banca examinadora.
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Capitulo 7
Conclusoes

No que se refere & Geracdo Distribuida (GD), o Brasil dispde atualmente de uma
legislacdo de facil compreensdo e que consegue abranger 0s aspectos legais,
administrativos e técnicos de forma bastante completa. Se comparada a legislacdo
espanhola, onde a GD j& estd consolidada ha mais tempo, e, especificamente para a

microgeracgao e minigeracao distribuida, apresentamos uma norma mais madura e eficaz.

O presente trabalho verificou a aplicabilidade da utilizacdo da Energia Solar
Fotovoltaica para minigeracdo distribuida de energia em uma superestrutura de poligeracao
de um hospital paraibano. Nos resultados apresentados no artigo 1 (capitulo 3) ficou
observado que o alto custo de implantacdo do sistema fotovoltaico ainda néo torna essa

opcao economicamente atrativa.

Os resultados apresentados nesse artigo sinalizaram ainda a possibilidade da
utilizacdo da biomassa para geracdo de energia e aquecimento, uma vez que o valor do
MWh da biomassa considerada foi inferior ao dos demais recursos utilizados no sistema de
poligeracdo. Na realizagdo da analise de sensibilidade e resiliéncia desses resultados, foi
prevista a insercdo de um gerador a biomassa, para minigeracdo distribuida. Os novos

resultados também apontaram pela ndo atratividade da utilizacdo desse recurso.

Na etapa seguinte, decidiu-se estudar, de forma mais aprofundada, o tipo de
biomassa que melhor se adequava a utilizacdo do hospital e, com dados mais reais de
custos de implantacdo e operacao para a regiao, definiu-se, entre os trés tipos analisados, o
mais viavel a ser utilizado na superestrutura para atendimento as demandas de agua quente

e vapor, por meio de caldeiras.

Por ultimo, e de maneira complementar, foram avaliados, por meio da Anélise de
Ciclo de Vida (ACV),0s impactos ambientais associados aos recursos e equipamentos
presentes na superestrutura de poligeracdo. Ainda que de maneira timida, o Brasil j&

comega a acompanhar a tendéncia mundial de reducdo de emissGes e ndo somente de
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custos. Os resultados foram apresentados no artigo 4 (capitulo 6), que serviu como ponto

de partida para o artigo 5 (capitulo 7), que otimizou o sistema de fornecimento de energia

sob um ponto de vista ambiental, minimizando as emissdes anuais.

A

Tabela 7.1 consolida os resultados das otimizacbes apresentadas nessa

dissertacdo, de modo que nos permite concluir principalmente:

1)

2)

3)

4)

A solucdo de 6timo econémico (minimo custo anual) sugeriu a utilizacdo da
biomassa como recurso nas caldeiras para producdo de dgua quente e vapor,
quando 200 painéis fotovoltaicos estdo disponiveis para geracéo de energia. Isto
deve-se, principalmente ao fato de que o custo da biomassa considerada é
inferior a0 dos demais recursos disponiveis para suprimento energético na
superestrutura. Comparado a um sistema convencional, a otimizacdo possui

custo anual 10,99% inferior;

Quando a otimizacédo € livre (sem restricdes a instalacdo de equipamentos), a
instalacdo de painéis fotovoltaicos ndo € atrativa, uma vez que o seu alto custo
de implantacdo e a sua inexpressiva producédo, diante da demanda do hospital,

ndo viabilizam a sua utilizacao;

A utilizacdo da biomassa para geracdo de energia também ndo foi uma opcéo
atrativa desde um ponto de vista econémico, considerando, além do alto custo

de implantacdo do gerador, a eficiéncia do mesmo, que € baixa;

A solucdo ambiental otimizada (minima emissdo anual de CO,-eq) sugeriu a
trigeracdo para minimizar os impactos ambientais produzidos pelo sistema de
abastecimento de energia. O gas natural foi importado da rede para ser utilizado
na producdo de eletricidade e &gua quente, podendo satisfazer assim as
principais necessidades energéticas do hospital. Foram instalados painéis
fotovoltaicos para producdo de eletricidade e a biomassa para a producao de
agua quente e vapor pelas caldeiras. Uma maquina de absorcdo simples-efeito
aproveita o calor produzido por cogeragédo para produzir dgua para refrigeracao.
A utilizacdo de chillers mecénicos também complementou a producéo de agua
para refrigeracdo. Esta solucdo 6tima aproveitou as exportagdes de eletricidade
para evitar taxas mais elevadas de emissOes e ainda perceber os beneficios

ambientais para reduzir as emissdes globais do sistema.
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Tabela 7.1: Resultados das otimiza¢6es econdmica e ambiental

Composicdo do Sistema

Otimo Econdmico

Otimo Ambiental

Biomassa para

Sistema Solar Fof[ovoltaico Geragio Solar Fo_tovoltaico
Convencional (Artigo 2) (Artigo 2) (Artigo 5)
Gerador a Gés 0 (0 MW) 0 (0 MW) 0 (0 MW) 1(0.41 MW)
Gerador a Diesel 0 (0 MW) 0 (0 MW) 0 (0 MW) 0 (0 MW)
Gerador a Biomassa 0 (0 MW) 0 (0 MW) 0 (0 MW) 0 (0 MW)
Caldeira- vapor a Gas Natural (GN) 1 (0.300 MW) 0 (0 MW) 0 (0 MW) 0 (0 MW)
Caldeira-vapor a Biomassa (BM) 0 (0 MW) 1 (0.250 MW) 1 (0.250 MW) 1(0.25 MW)
Caldeira-vapor a Energ.. Elétrica (EE) 0 (0 MW) 0 (0 MW) 0 (0 MW) 0 (0 MW)
Trocador de Calor (VA-AQ) 1 (0.400 MW) 1 (0.400 MW) 1 (0.400 MW) 1 (0.40 MW)
Caldeira- agua quente (GN) 1 (0.300 MW) 0 (0 MW) 0 (0 MW) 0 (0 MW)
Caldeira — 4gua quente (BM) 0 (0 MW) 2 (0.340 MW) 2 (0.340 MW) 1(0.17 MW)
Caldeira — 4gua quente (EE) 1 (0.150 MW) 1 (0.150 MW) 1 (0.150 MW) 0 (0 MW)
Trocador de Calor (AQ-AR) 0 (0 MW) 0 (0 MW) 0 (0 MW) 1 (0.40 MW)
Maquina de Absorcdo Duplo Efeito 0 (0 MW) 0 (0 MW) 0 (0 MW) 0 (0 MW)
Maquina de Abs. Simples Efeito 0 (0 MW) 0 (0 MW) 0 (0 MW) 1 (0.49 MW)
Chiller Mecénico 3(0.810 MW) 3(0.810 MW) 3(0.81 MW) 3(0.81 MW)
Torre de Resfriamento 1 (1.000 MW) 1 (1.000 MW) 1 (1.000 MW) 2 (2.00 MW)
Painéis Fotovoltaicos (unidades) - 200 - 200
EE Importada (MWh/ano) 4281 3244 3373 297
EE Produzida Painéis FV (MWh/ano) - 129 -- 129
Créditos de Eletricidade (MWh/ano) - -- -- 760
Gés Natural Importado (MWh/ano) 1528 -- -- 9554
Diesel Importado (MWh/ano) -- -- -- -
Biomassa Importada (MWh/ano) -- 2663 2663 281
Investimento Inicial em equipamentos US$ 374,670 US$ 587,089 US$ 410,918 US$ 1,022,892
Custo EE importada (US$/ano) 233,979 180,489 187,155 15,342
Credito EE exportada (US$/ano) - -- -- 43,488
Custo Gas importado (US$/ano) 73,335 -- -- 458,576
Custo Diesel importado (US$/ano) -- -- -- -
Custo Biomassa importada (US$/ano) -- 35,150 55,355 3708
Custo Operagdo e Manut. (US$/ano) 16,716 21,813 21,813 53,519
Custo Equipamento (US$/ano) 48,707 76,322 53,419 132,976
Custo total (US$/ano) 372,758 331,774 317,776 620,633
Emissoes iniciais (equip.) kg CO»-eq 2,291,100 3,851,100 -- 1,954,903
(Ekrg'ésgff‘eiir:gp"”ada 2,482,917 1,881,711 - 172,222
I(Ekrglésgj_seii r:az:)portada _ _ _ 441,039
Cimissbes O mportado 391,230 . - 2445736
Emissdes Diesel importado _ _ _ _
(kg CO,-eg/ano)
(Ekrg'ésgj_ses/';"ng;po”ada - 391,448 - 41,296
(Ekrg'ésgj_segr/‘::g equipamentos 674,291 385,110 - 195,490
Emissoes totais (kg CO,-eqg/ano) 3,548,438 2,658,269 -- 2,557,232
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Segundo o Ministério da Saude (BRASIL, 2012), em 2009, o Brasil tinha 2,26
leitos hospitalares por mil habitantes, o que totaliza 432.790 leitos disponiveis para a
populacéo brasileira no referido ano. Se a metodologia apresentada no artigo 3, onde foi
implementada uma otimizacdo econémica para um hospital de 420 leitos, fosse
extrapolada, considerando a quantidade de leitos no Brasil, tendo com referéncia o ano de

2009, percebe-se que:

1) O beneficio econdmico seria da ordem de US$ 42 milhdes, ja que a
configuracdo Otima, com a utilizacdo da energia solar fotovoltaica, apresenta

um custo anual total por leito de US$ 789,94;

2) Quanto a energia elétrica importada da rede, a reducdo seria de
aproximadamente 1,07 TWh/ano, com a configuracdo de 6timo econdmico, e de

aproximadamente 4,10 TWh/ano, com a configuracdo de 6timo ambiental;

Nesse contexto, percebe-se ainda que, apesar do avanco consideravel na legislacdo
para incentivo a utilizacdo dos recursos energéticos renovaveis ndo convencionais, 0 custo
de implantacdo desses sistemas ainda é alto. Esse foi um dos principais obstaculos a GD,

visualizados neste trabalho.

A disseminacdo da GD, ndo sé na Paraiba, mas em todo o Brasil, depende de uma
série de fatores, que dentre os principais, destacam-se: a necessidade de acdes
motivacionais do governo, com a implantacdo de politicas de incentivo ao financiamento
de equipamentos que compdem a GD, definicbes uniformes e equilibradas quanto a
tributacdo da energia gerada e andlise detalhada do método de compensacao utilizado, cujo
objetivo é o de corrigir possiveis distorcdes econémicas entre a unidade

geradora/consumidora e a empresa distribuidora de energia.

Considerando o atual cenario da politica energética adotada no Brasil, com o
implemento legal das bandeiras tarifarias e o aumento gradativo do custo da energia
elétrica, devido principalmente a condi¢gdes ambientais, sugere-se como trabalho futuro
uma andlise multicritério para tomada de decisdo, em busca da solucdo de equilibrio,
diante de dois objetivos aparentemente divergentes, a saber: minimo custo e minimo

impacto ambiental.
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RESUMO

O estudo de direito comparado de instrumentos legais que regulam situacGes
analogas é importante, pois permite analisar a eficacia da norma em um contexto
global e temporal. Esse trabalho cria uma metodologia de comparagéo para avaliar
dois instrumentos normativos, que tratam da Geracdo Distribuida (GD) para o
autoconsumo de energia elétrica, sendo a legislacdo brasileira comparada a
normativa da Espanha. Percebe-se nessa analise que a Resolugdo n °482 da ANEEL
é didatica, concentrada e aborda praticamente todos os requisitos administrativos,
econdmicos e técnicos em seu escopo. Por outro lado, na Espanha, apesar da GD
esta praticamente consolidada, no que se refere ao autoconsumo, a legislagdo é
recente e existem inumeras situacdes que ainda carecem de regulamentacéo.

Palavras Chave: Geracdo Distribuida, autoconsumo, direito comparado.

.1 Introducédo

No universo da Ciéncia Juridica do Direito, uma atividade bastante enriquecedora é
0 estudo comparativo entre sistemas juridicos, o chamado Direito Comparado. Esse estudo
tem uma importancia fundamental nos mais diversos ramos do Direito, pois fornece

elementos para uma investigacdo cientifica mais apurada, além de uma melhor
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compreensdo do modelo adotado, levando o comparador a novas descobertas e a
proposicéo de melhorias.

Serrano (2006, p. 34) aponta como primeira grande utilidade das andlises de direito
comparado, a possibilidade de indicar as normas juridicas afins nas legisla¢cdes nacionais e
estrangeiras, com o objetivo de confronta-las para determinar as analogias e diferencas
existentes entre sistemas e institutos, bem como avaliar o desenvolvimento e aproximagao
das legislacdes ou instituicdes juridicas de diversos paises, formando assim o novo Direito

Positivo Contemporaneo.

A Geracdo Distribuida (GD) é a unidade de producgdo de energia elétrica realizada
junto ou proxima do centro de consumo, cujas principais vantagens sdo: a reducdo nos
investimentos de transmissao e das perdas na distribuicdo. Considera-se GD aquela que:
(a) estd conectada a rede de distribuicdo; (b) esta conectada ao lado de um consumidor
conectado a algum ponto do sistema elétrico; (c) supre cargas elétricas de uma instalagédo
eletricamente isolada; ou (d) estd conectada diretamente a rede de transmisséo, desde que,
neste caso, ela ndo possa ser considerada caso pertencente a geracdo centralizada
(SEVERINO, 2008).

O grande marco regulatério da GD no Brasil foi a publicacdo da Resolugdo
Normativa n°482/2012, pela Agéncia Nacional de Energia Elétrica (ANEEL), em 17 de
abril de 2012, cujo conteudo estabelece as condi¢des gerais para 0 acesso de microgeracao
e minigeracdo distribuida aos sistemas de distribuicdo de energia elétrica e define o sistema
de compensacdo de energia elétrica (BRASIL, 2012), e é nesse dispositivo legal que

surgem 0s conceitos de microgeracdo e minigeracédo distribuida.

A microgeracdo € definida como a central geradora de energia elétrica, com
poténcia instalada menor ou igual a 100 kW e que utilize fontes com base em energia
hidraulica, solar, edlica, biomassa ou cogeracdo qualificada, conforme regulamentacéo da
ANEEL, conectada na rede de distribuicdo por meio de instalagbes de unidades
consumidoras; e a minigeracdo, definida como a central geradora de energia elétrica, com
poténcia instalada superior a 100 kW e menor ou igual a 1 MW, que utilizem as mesmas
fontes indicadas anteriormente. A Figura 1.1 mostra a evolugéo temporal da microgeragao e

minigeracédo Distribuida no Brasil, em numero acumulado de conexdes.
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Figura 1.1: Evolucéo da Microgeracéo e Minigeragdo Distribuida no Brasil (BRASIL, 2015)

Nesse contexto, este artigo objetiva conhecer, compreender e comparar 0 instituto
do modelo regulatério brasileiro com o da Espanha, onde a GD estd mais consolidada,
sendo uma ferramenta Gtil para a compreensdo e tentativa de aperfeicoamento do modelo

regulatério brasileiro.

A primeira parte destina-se, de forma introdutdria, a apresentacdo de aspectos
relevantes da metodologia comparativa utilizada. Na segunda parte sera apresentado um
quadro comparativo com os principais artigos analisados, seguido da interpretacdo juridica
dos mesmos, destacando suas principais diferencas e semelhancas. Nas consideracdes
finais sera feita uma analise critica do estudo comparativo realizado, pontuando as

observagdes mais relevantes.

.2 Metodologia Comparativa
N&o existe na doutrina uma metodologia especifica para a realizacdo do estudo de
direito comparado. A analise dos modelos regulatorios aqui proposta é inovadora
principalmente pela inexisténcia de uma metodologia pré-estabelecida, pela auséncia de

pesquisas anteriores sobre o tema, além da insuficiéncia de dados.

De certo modo, pode-se dizer que comparar € impor significados a objetos e
interpretar fendbmenos. Nenhum objeto ou processo, abstratamente, tem significado, mas

obtém a sua interpretacdo em face de alguns pontos de referéncia (CASTRO, 2011).
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A abordagem do estudo aqui proposto concentra-se apenas na geragdo distribuida
para 0 autoconsumo, Ou seja, nNo que a normativa brasileira denomina de

microgeracdao/minigeracéo distribuida.

Depois de realizada uma pesquisa bibliografica, o modelo regulatério escolhido
para o estudo comparativo foi o espanhol, e os fatores determinantes para a escolha foram
principalmente: a disponibilidade de acesso as normas do setor elétrico e o melhor nivel de

apresentacdo e compreensdo das mesmas.

A andlise comparativa dos modelos regulatdrios para microgeracdo e minigeracao
distribuida foi desenvolvida tendo como base a estruturacdo da Resolugdo Normativa
n°482/2012, atualmente em vigor no Brasil, e foram comparados com a lei do setor elétrico

espanhola, sob os seguintes aspectos legais (Figura 1.2):

a) Objeto: identifica 0 escopo e a abrangéncia das normas que estdo sendo

comparadas;

b) Conceitos: apresenta 0s principais conceitos necessarios para a

compreensdo dos institutos analisados;

c) Conexdo ao Sistema Elétrico: distinguir, nos dispositivos legais que estdo
sendo comparados, a forma de acesso e de conexdo ao sistema de

distribuicdo de energia;

d) Sistema de venda ou compensacdo de excedentes: comparar, nos
dispositivos legais objeto desse estudo, como se desenham as condicdes
econbmicas da producdo de energia excedente em uma unidade
consumidora que tenha instalado um sistema de microgeragdo ou

minigeracao distribuida;

e) Aspectos Contratuais Relevantes: examinar como se da a formalizacdo da
relacdo juridica. Na analise comparativa serdo abordadas as obrigacGes
técnicas, administrativas e financeiras de cada parte, se existe limite da
poténcia instalada previsto e como se configura o esquema de medicdo de

energia ativa,;
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Figura 1.2: Metodologia comparativa entre os dispositivos legais

.3 Analise Comparativa

De acordo com a metodologia estabelecida anteriormente, a analise comparativa
teve como base os requisitos expostos na Resolugdo Normativa n°482/2012 da ANEEL.
Comparou-se o dispositivo legal brasileiro com o espanhol, sob os aspectos abordados nos

topicos a sequir.

1.3.1 Objeto

A forca normativa dos dispositivos legais, tanto do Brasil, quanto da Espanha é a
mesma, ambas as normas sdo materiais e tém forca de lei, ou seja, decorrem de um
processo legislativo. Na Espanha, os decretos leis sdo editados em caso de extraordinaria e
urgente necessidade do governo e uma vez publicados no Boletim Oficial do Estado
(BOE), e conforme previsto no artigo 86 da constituicdo espanhola, esses decretos leis séo
incorporados ao ordenamento juridico e o conselho de Ministros tem o prazo de 30 dias
para valida-lo ou derroga-lo (ESPANHA, 1978).

Ao contrério da resolucdo brasileira, que trata especificamente do assunto em um
mesmo documento, observou-se que na legislacdo espanhola, a matéria ainda nédo foi
totalmente regulamentada, sendo esparsa, e 0 assunto tratado em mais de um dispositivo
legal. A analogia foi utilizada fortemente como fonte no direito espanhol, além da
interpretacdo sistematica desses dispositivos legais. A Tabela I.1 identifica esses institutos,

apresentando o seu objeto de regulamentacéo.
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Tabela I.1:Anélise Comparativa do Objeto das Normas Juridicas.

Brasil
Dispositivo Legal Resolucdo Normativa n°482/2012 de 17 de abril de 2012.

Objeto Estabelece as condicfes gerais para 0 acesso de microgeracéo
e minigeracdo distribuida de energia elétrica, o sistema de
compensacdo de energia elétrica e da outras providéncias
(BRASIL, 2012)

Espanha
Dispositivo Legal Lei 24/2013 do Setor Elétrico, de 26 de dezembro de 2013.

Objeto Estabelecer a regulacdo do setor elétrico com a finalidade de

garantir o fornecimento de energia elétrica e de adequé-lo as
necessidades dos consumidores em termos de seguranga,
qualidade, eficiéncia, objetividade, transparéncia e minimo
custo.
Séo atividades destinadas ao fornecimento de energia elétrica:
geracdo, transporte, distribuicdo, servicos de recarga
energética, comercializagdo e trocas intracomunitérias e
internacionais, assim como a gestdo econdmica e técnica do
sistema elétrico (Traduzido de ESPANHA, 2013).

Percebe-se, em uma primeira leitura, que a regulamentacdo que trata da geracao

distribuida para autoconsumo no pais europeu € mais recente que a normativa brasileira.

Na verdade, a GD na Espanha esté bastante consolidada e os primeiros mecanismos
regulatorios apareceram nos anos 90 (BRASIL, 2009), mas estes tratavam apenas da
geracdo ndo centralizada para producdo e comercializacdo de energia e ndo

especificamente para o autoconsumo.

Os avancos nas tecnologias associadas a utilizacdo de fontes de energia renovaveis
ndo convencionais, principalmente a solar e a e6lica, e a crise financeira que afetou o setor
elétrico europeu desencadeou o desenvolvimento de novas formas de producgdo, sendo a
autoproducdo, uma delas. Entende-se por autoproducdo de energia aquela gerada para
satisfazer a totalidade ou parte da demanda do consumidor, termo este também conhecido

como autoconsumo.

O art. 9 da Lei do Setor Elétrico espanhol de 2013 (ESPANHA, 2013) trata do
conceito, das modalidades de autoconsumo, da implementacdo e regulamentacdo
necessaria, das condi¢cGes administrativas e técnicas para a ligagdo das instalagBes a rede

elétrica e das condi¢Ges econémicas para verter a energia ndo consumida para a rede de

122



distribuicdo; bem como as obrigacbes e direitos decorrentes da ligacdo a esses

consumidores e registro obrigatorio no Registo Administrativo de Autoconsumo.

A normativa brasileira (BRASIL, 2012) traz em seu escopo as condi¢des gerais
para 0 acesso de microgeracdo e minigeracdo distribuida de energia elétrica, o sistema de
medicao e compensacao de energia elétrica e as responsabilidades pelos danos ocasionados
ao sistema elétrico de poténcia.

Percebe-se, nesse contexto, que mesmo com o historico e a maturidade da GD na
Espanha, no que se refere ao autoconsumo, ou seja, a producdo de energia para o proprio
consumo, com previsdo de verter a producdo da energia excedente para a rede elétrica, a
regulacdo espanhola ainda € incipiente. O Brasil, por sua vez, mesmo apresentando uma
normativa um pouco mais antiga e com objeto mais especifico, ainda nédo teve uma forte

adesdo para geracdo distribuida.

1.3.2 Conceitos

A Tabela 1.2 apresenta os principais conceitos trazidos pelas normas objeto deste
estudo de direito comparado sobre a geracao distribuida para o autoconsumo.
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Tabela 1.2; Analise Comparativa dos Conceitos apresentados nas Normas Juridicas.

Brasil

Dispositivo Legal

Resolucdo Normativa n°482/2012 de 17 de abril de 2012.

Conceitos

Art. 2° - | -microgeracdo distribuida: central geradora de energia
elétrica, com poténcia instalada menor ou igual a 100 KW e que
utilize fontes com base em energia hidraulica, solar, edlica, biomassa
ou cogeracdo qualificada, conforme regulamentacdo da ANEEL,
conectada na rede de distribuicdo por meio de instalaces de unidades
consumidoras;

Il - minigeracdo distribuida: central geradora de energia elétrica, com
poténcia instalada superior a 100 kW e menor ou igual a 1 MW para
fontes com base em energia hidraulica, solar, edlica, biomassa ou
cogeracdo qualificada, conforme regulamentacdo da ANEEL,
conectada na rede de distribuigdo por meio de instalagdes de unidades
consumidoras;

Il - sistema de compensacdo de energia elétrica: sistema no qual a
energia ativa injetada por unidade consumidora com microgeracdo
distribuida ou minigeracdo distribuida é cedida, por meio de
empréstimo  gratuito, a distribuidora local e posteriormente
compensada com o0 consumo de energia elétrica ativa dessa mesma
unidade consumidora ou de outra unidade consumidora de mesma
titularidade da unidade consumidora onde os créditos foram gerados,
desde que possua 0 mesmo Cadastro de Pessoa Fisica (CPF) ou
Cadastro de Pessoa Juridica (CNPJ) junto ao Ministério da Fazenda.
(BRASIL, 2012).

Dispositivo Legal

Conceitos

Espanha
Lei 24/2013 do Setor Elétrico, de 26 de dezembro de 2013.
Real Decreto 842/2002, de 02 de agosto de 2002.
Lei 24/2013 do Setor Elétrico, de 26 de dezembro de 2013:

Art. 9 apdo. 1° - Para os efeitos desta lei, se entender4d como
autoconsumo o consumo de energia elétrica proveniente de
instalacBes de geracdo conectadas ao interior de uma rede de um
consumidor ou através de uma linha direta de energia elétrica
associadas a um consumidor.

Se distinguem as seguintes modalidades de autoconsumo:

a) Modalidades de fornecimento com autoconsumo. Quando se trata
de um consumidor que dispbe de uma instalacdo de geracao destinada
ao consumo proprio, conectada ao interior da rede de seu ponto de
fornecimento e que ndo foi apurado no registro como unidade de
prducdo. Neste caso existira um Unico sujeito dos previstos no artigo
6, que sera o sujeito consumidor.

b) Modalidades de producdo com autoconsumo. Quando se trata de
um consumidor asociado a uma instalacdo de producdo debidamente
inscrita no registro administrativo de instalacbes de producdo de
energia elétrica conectada ao interior de sua rede. Neste caso
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existirdo dois sujeitos dos previstos no artigo 6, o sujeito consumidor
e o produtor.

¢) Modalidades de produgdo com autoconsumo de um consumidor
conectado através de uma linha direta com uma instalacdo de
producdo. Quando se trata de um consumidor asociado a uma
instalacdo de producdo devidamente inscrita no registro no registro
administrativo de instalagcGes de producdo de energia elétrica a que
estivera conectado através de uma linha direta. Neste caso existirdo
dois sujeitos dos previstos no artigo 6, o sujeito consumidor e o
produtor.

d) Qualquer outra modalidade de consumo de energia elétrica
proveniente de uma instalacdo de geracdo de energia elétrica
associada a um cosumidor (Traduzido de ESPANHA, 2013)

Real Decreto 842/2002, de 02 de agosto de 2002:

Artigo 2. Campo de Aplicacéo.

O presente regulamento se aplicara as instalagdes que distribuam a
energia elétrica, as geradoras de eletricidade para consumo préprio e
as receptoras, nos seguintes limites de tensées nominais:

a) Corrente alternada: igual ou inferior a 1.000 volts.

b)Corrente continua: igual ou inferior a 1.500 volts (Traduzido de
ESPANHA, 2002).

A Resolucdo Normativa n°482/2012 (BRASIL, 2012) apresenta as defini¢bes de
microgeracdo e minigeracdo distribuida de forma bastante clara. Identifica-se nitidamente
o limite de poténcia que classifica cada seguimento, qual o tipo de fonte que pode ser
regulado pela norma e a previsdo de conexdo com a rede de distribuicdo. O mesmo
acontece com a definicdo da compensacdo de energia elétrica, que ressalta a relacdo
juridica entre o consumidor com a empresa distribuidora de energia. Essa relacdo ndo se
caracteriza como uma comercializagdo de energia elétrica, mas como muatuo (empréstimo
gratuito) de energia elétrica. A Agéncia limitou ainda o alcance do sistema de
compensacdo de energia aos consumidores com mesmo CPF ou CNPJ, de forma a
esclarecer que ndo se tratava de operacdo como compra e venda de energia (ANEEL,
2015).

Em contrapartida, a legislacdo espanhola (ESPANHA, 2013) ja ndo é tdo
esclarecedora. A definicdo se concentra no fato de que a energia consumida vem de uma
instalagdo de geragdo que esta ligada diretamente ao consumidor. Ou, por outras palavras,
0 autoconsumo de energia da unidade por uma rede interna e nao pela rede de distribuicao
de energia elétrica. N&o se discrimina o tipo de fonte geradora, nem se a energia pode ser

vertida para a rede de distribuicdo, aspectos de bastante relevancia quanto ao regime
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juridico aplicavel aos consumidores. A utilizacdo de fontes renovaveis de energia na

geracgdo de energia é regulada por outro instrumento normativo.

O Real Decreto 842/2002 (ESPANHA, 2002), que regulamenta as InstalacGes
Elétricas de Baixa Tensdo, traz uma definicdo adicional, distinguindo as instalacbes com
base na sua ligagdo a rede publica, sendo: instalagBes geradoras isoladas, assistidas e
interligadas. A primeira ndo tem ligacdo a rede publica, enquanto a assistida esté ligada,
mas nao pode funcionar em paralelo, em oposicdo a interligada que, além de ser ligada,
pode trabalhar em paralelo com a rede de distribuicdo. As instalacdes interligadas sdo os

objetos de comparagao nesse estudo.

1.3.3 Conexdao ao Sistema Elétrico

A anélise desse topico visa comparar como se da as formas de acesso da unidade
consumidora com sistema de geracdo distribuida de pequeno porte as redes publicas, ao
sistema de distribuicdo de energia elétrica. Pretende-se analisar a formalizacdo desse

acesso, prazos e requisitos técnicos (Tabela 1.3).

Tabela I.3:Analise Comparativa da Conexao ao Sistema Elétrico das Normas Juridicas

Brasil
Dispositivo Legal Resolucdo Normativa n°482/2012 de 17 de abril de 2012.
Conexao ao Art. 3° As distribuidoras deverdo adequar seus sistemas comerciais e
elaborar ou revisar normas técnicas para tratar do acesso de
Sistema Elétrico microgeracdo e minigeracgdo distribuida, utilizando como referéncia

0s Procedimentos de Distribuicdo de Energia Elétrica o Sistema
Elétrico Nacional — PRODIST, as normas técnicas brasileiras e, de
forma complementar, as normas internacionais.

81° O prazo para a distribuidora efetuar as alteragdes de que trata o
caput e publicar as referidas normas técnicas em seu endereco
eletronico € de 240 (duzentos e quarenta) dias, contados da
publicacdo desta Resolugdo.

82°Apds o prazo do § 1° a distribuidora deverd atender as
solicitagbes de acesso para micro geradores e minigeradores
distribuidos nos termos da Secdo 3.7 do Médulo 3 do PRODIST.
(BRASIL, 2012)

Espanha
Dispositivo Legal Lei 24/2013 do Setor Elétrico, de 26 de dezembro de 2013.
Conexéo ao Art. 9 apdo. 5° - O Governo estabelecerd as condigdes

administrativas e técnicas para a conexao a rede das instalagdes com
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Sistema Elétrico autoconsumo.
O Governo estabelecera também as condi¢bes econdmicas
condiciones econdmicas para que as instalacGes da modalidade b)
de producdo com autoconsumo vendam ao sistema a energia nao
autoconsumida (Traduzido de ESPANHA, 2013).

A norma brasileira (BRASIL, 2012) estabelece um prazo para que as empresas
distribuidoras de energia elétrica adequem as suas normas técnicas para atendimento aos
consumidores interessados em instalar sistemas de microgeracdo ou minigeragéo
distribuida. Essa adequacdo técnica deve seguir o que estd previsto no modulo 3.7 do
PRODIST (BRASIL, 2012) — Procedimento de Distribuicdo, emitido pelo o0rgédo
regulamentador e fiscalizador do Setor Elétrico Brasileiro, a ANEEL. A Figura 1.3
apresenta 0 numero de conexdes, por empresa distribuidora de energia, regulamentadas

pela resolucgdo brasileira, até marco de 2015.

Conexdes por distribuidora

Figura 1.3. Namero de Conexdes por distribuidora de Energia (ANEEL, 2015).

1.3.3.1 Requisitos Administrativos Estabelecidos no PRODIST
O mddulo 3.7 do PRODIST (BRASIL, 2012) estabelece os requisitos de acesso
necessarios para a formalizacdo junto a empresa distribuidora de energia elétrica. A Figura

1.4 apresenta os requisitos administrativos previstos pela legislacdo brasileira.
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Figura 1.4: Procedimento para solicitacdo de acesso a rede de distribuicdo da empresa distribuidora.

1.3.3.2 Requisitos Técnicos

Os requisitos técnicos devem ser normatizados por cada empresa distribuidora de
energia, e foram regulamentados de acordo com os parametros pré-estabelecidos no
modulo 3.7 dos procedimentos de distribuicdo — PRODIST (BRASIL, 2012). Esses
procedimentos séo diretrizes orientativas que complementam 0 escopo previsto na

resolucdo em estudo.

O art. 9 apdo 5° da Legislacdo do Setor Elétrico espanhol (ESPANHA, 2013)
dispbe que o governo devera estabelecer as condi¢des administrativas e técnicas para a
conex&@o a rede das instalagcdes de autoconsumo. Consequentemente, todas as instalagdes
que desejarem se conectar a rede de distribuicdo deve respeitar essas condicGes

administrativas e técnicas estabelecidas pelo governo.

Existe um projeto de real decreto elaborado pelo governo que prevé como se dara
as condicOes de acesso da unidade de autoconsumo a rede elétrica. O mesmo determina
que o acesso deva ser solicitado ao gerente da rede de distribuicdo da area, mesmo que a
unidade ndo verta energia ao sistema a todo 0 momento. Exige-se a assinatura de um
contrato de acesso com a empresa de distribuicdo e 0 prazo para compensacdo previsto é

de 12 meses.

Como as condigdes administrativas e técnicas especificas para as instalaces de

autoconsumo ainda ndo foram totalmente regulamentadas pelo governo espanhol, outras
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normas sdo utilizadas como analogia, e para isso, deve distinguir as instalagdes como:
pequenas instalacfes (poténcia inferior a 100 kW); e instalacGes acima de 100 kW, para
com isso, poder aplicar os regulamentos previstos na Lei do Setor Elétrico
(ESPANHA,2013).

O marco normativo béasico que trata da conexao a rede de instalacdes de produgédo
de energia elétrica de pequena poténcia é Real Decreto 1699/2011(ESPANHA, 2011), de
18 de novembro, que regula a conexdo a rede de instalacbes de producdo de energia
elétrica de pequena poténcia (poténcia inferior a 100 kW). As condi¢fes administrativas e
técnicas que as instalacfes de poténcia superior a 100 kW devem cumprir esta previsto nos
artigos 21.1 e 53 da LSE (ESPANHA,2013) e no Real Decreto 1955/2000
(ESPANHA,2000), de 1 de dezembro. Nesse caso, faz-se necessario um procedimento de
autorizacdo mais rigoroso pelo poder puablico. Adicionalmente, as Comunidades
Auténomas (CCAA) podem criar regulamentos especificos aplicaveis as instalacdes de
competéncia estatal. Se as instalacbes a ser conectadas a rede utilizarem energias
renovaveis, cogeracao ou residuos para a producdo de energia, estas sdo reguladas pelo
Real Decreto 413/2014 (ESPANHA, 2014), de 6 de julho.

Essa dispersdo na regulamentacdo ndo contribui para a racionalizacdo e
simplificacdo dos procedimentos técnicos-administrativos impostos pelas regras para
promover a geracdo distribuida. A auséncia de regulamentacao especifica para o regime de
autoconsumo de eletricidade levou as varias comunidades autdbnomas espanholas a ditar as

suas proprias regras, dificultando ainda mais a sua regulacéo.

1.3.4 Sistema de Vendas ou Compensacdo de Excedentes

Em alguns sistemas de microgeracdo ou minigeracdo distribuida, a producdo de
energia produzida pode ser comercializada ou compensada pela empresa distribuidora. As
politicas de incentivo podem ser de variadas naturezas: empréstimos, financiamentos,
reducdes tributarias, divulgacdo da tecnologia para a sociedade, regulamentacdes,
estimulos a industria de todo o setor, parcerias internacionais, entre outros (CGEE, 2010).

Os dois sistemas mais utilizados no tratamento econdmico da energia excedente
produzida sdo as tarifas prémio (Feed-in Tariffs), que é aquela onde o governo determina o

preco pelo kWh que as concessionarias deverdo pagar aos produtores de energia, e 0
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sistema de compensacdo (Net Metering), onde se mede a energia gerada e a consumida, de
forma que o consumidor pode compensar 0 seu consumo (BRASIL, 2012).

Este item visa comparar como se desenham as condi¢fes econdmicas da producéo de
energia previstas nos instrumentos normativos objetos desse estudo. Essa analise esta
disposta na

Tabela 1.4:

Tabela I.4:Analise Comparativa do Sistema de venda ou compensacao de excedentes das Normas Juridicas.

Brasil
Dispositivo Legal Resolucdo Normativa n°482/2012 de 17 de abril de 2012.
Sistema venda ou Art. 6° O consumidor podera aderir ao sistema de compensacao de

energia elétrica, observadas as disposi¢des desta Resolugéo.

81° Para fins de compensacéo, a energia ativa injetada no sistema de
excedentes distribuicdo pela unidade consumidora, serd cedida a titulo de
empréstimo gratuito para a distribuidora, passando a unidade
consumidora a ter um crédito em quantidade de energia ativa a ser
consumida por um prazo de 36 (trinta e seis) meses.

§2° A adesdo ao sistema de compensacdo de energia elétrica ndo se
aplica aos consumidores livres ou especiais (BRASIL, 2012).

compensacao de

Espanha
Dispositivo Legal Lei 24/2013 do Setor Elétrico, de 26 de dezembro de 2013.

Sistemadevendaou Art. 9 apdo. 5° - O Governo estabelecerd as condigdes

administrativas e técnicas para a conexao a rede das instalagdes com

autoconsumo.

excedentes O Governo estabelecera também as condicdes econdmicas
condiciones econémicas para que as instalacbes da modalidade b)
de producdo com autoconsumo vendam ao sistema a energia nao
autoconsumida (Traduzido de ESPANHA, 2013).

compensacao de

O Brasil adotou o sistema de compensacéo, cuja natureza juridica € de empréstimo
gratuito. A Resolucdo Normativa N° 517 (BRASIL, 2012), de 11/12/2012, alterou a
Resolucao 482/2012 (BRASIL, 2012) e o0 Modulo 3 do PRODIST (BRASIL, 2012), com
objetivo esclarecer o conceito do sistema de compensacdo de energia, enquadrado como
empréstimo gratuito, e limitando seu alcance aos consumidores com mesmo CPF ou CNPJ,
de forma a ndo caracterizar a operacdo como compra e venda de energia, entre outros
aperfeicoamentos (BRASIL, 2015).

A clareza desse conceito é importante, pois repercute no universo do Direito
Tributario, uma vez que deve-se estabelecer sobre qual montante incidem os tributos, em

especial, o ICMS (Imposto sobre OperagOes relativas a Circulagdo de Mercadorias e
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Prestacdo de Servicos), que é um tributo estadual, e que na maioria dos estados brasileiros,
tem como base de céalculo a energia proveniente da distribuidora que chega a unidade

consumidora, sem considerar qualquer tipo de compensacéo.

Se o sistema de compensacao tem natureza de empréstimo gratuito, mutuo, por que
o ICMS incide sobre toda a energia consumida no més e ndo pela energia liquida (gerada-
consumida)? Pode-se dizer que esse foi um dos pontos mais controversos do instrumento

normativo brasileiro.

Apesar de ndo ser competéncia da Agéncia, a visdo da ANEEL é a de que a
tributacdo deveria incidir apenas na diferenca, se positiva, entre os valores finais de
consumo e energia excedente injetada (geragdo). Caso a energia excedente injetada seja
superior ao consumo, a base de célculo dos tributos (PIS/COFINS e ICMS) deveria ser
apenas o valor do custo de disponibilidade (BRASIL, 2015). Esse entendimento foi

adotado, por exemplo, pelo estado de Minas Gerais.

Conforme exposto na normativa, o crédito de energia ativa estara disponivel por um

periodo de 36 meses. A compensacao ocorre de acordo com 0 exposto na Figura 1.5.

& 6
g I(‘ﬁ
4 %
¢ 2 o procedimento
‘?:, (JF/J 4 ‘?‘ — desctito nos
Cs (¢ Repetir ositens itens 1a 5 deve
& % 3 '?‘ 3 e 4 deve ser ser repetido
£rs 0,: abater o repetido para nessa ordem
6‘% 2 2 consumo da as demais UC para os ciclos
7 abater 0 UC escolhida cadastradas de faturamento
1 6‘ COonsumo em pelo previamente posteriores,
compensar o outra UC consumidor e pelo obedecido o
consumo em escolhida pelo referenciada no consumidor, limite de 36
A energia ativa outro posto consumidor, no item anterior, obedecidaa meses de
gerada em horario, na mesmo posto N0 mesmo ordem de validade dos
determinado mesma UC e horario em que ciclo de prioridade créditos.
posto  hordrio no mesmo a energia foi faturamento,
compensa a ciclo de gerada e no mas em outro
consumida faturamento; mesmo ciclo de posto horario
nesse mesmo faturamento:

Figura 1.5: Sistema de compensacédo de energia produzida excedente na regulamentaco brasileira.

Verifica-se ainda que o sistema de compensacdo ndo se aplica a consumidores
livres ou especiais, que, em geral, sdo aqueles que optam por comprar energia de qualquer

agente de geracdo ou comercializacdo de energia, conforme lei especifica.

A previsao legal espanhola é de uma norma geral, indicando apenas que 0 governo

estabelecera as condicGes econdmicas para as instalagdes que produzem energia para o
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autoconsumo com a possibilidade de venda da energia excedente, ndo consumida. A norma

especifica para o autoconsumo ainda nao foi regulamentada.

A proposta do real decreto (RIOS, 2014), em que se estabelecem as condi¢Bes
administrativas, técnicas e econdmicas das modalidades de fornecimento de energia
elétrica e de producdo de energia com autoconsumo, foi enviada a Comissdo Nacional de
Energia em 18 de Julho de 2013. Essa proposta prevé que o autoconsumo deve contar com
um regime regulatorio especifico, diferenciado do previsto apenas para a producdo de
energia elétrica, prevendo ainda a possibilidade de que o governo regule um sistema de
compensacao especifico para incentivar a producdo de eletricidade a partir de energias

renovaveis.

O projeto espanhol prevé a obrigacdo do consumidor/produtor prosseguir a pagar
taxas de acesso que lhes sdo aplicaveis sobre a energia consumida em sua instalacdo. A
energia comprada pelo consumidor, da empresa distribuidora, serd obtida a partir dos
saldos liquidos, onde sdo medidas quantidades parciais de producdo e consumo horarios

(hora em hora).

Ainda nesse contexto, a proposta de regulamento, prevé no art. 9.4 (RIOS, 2014)
que ndo deveré ser criado embargo regulamentério para que o produtor obtenha um prego
pela energia ndo autoconsumida para a possibilidade de venda em mercado.

1.3.5 Aspectos Contratuais

A analise desse topico visa comparar como se da a formalizacdo da relagéo juridica.
Na andlise comparativa serdo abordadas as obrigacdes técnicas, administrativas e
financeiras de cada parte, se existe limite da poténcia instalada previsto e como se
configura o esquema de medicdo de energia ativa. Essa analise estd apresentada na Tabela
1.5.

Tabela 1.5: Analise Comparativa dos Aspectos Contratuais das Normas Juridicas.

Brasil
Dispositivo Legal Resolucdo Normativa n°482/2012 de 17 de abril de 2012.
Aspectos Art.4° Fica dispensada a assinatura de contratos de uso e conexao na
qualidade de central geradora para a microgeracdo e minigeracao
Contratuais distribuida que participe do sistema de compensacdo de energia
elétrica da distribuidora, nos termos do Capitulo Ill, sendo
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suficiente a celebragdo de Acordo Operativo para 0s minigeradores
ou do Relacionamento Operacional para 0s microgeradores.
(Redacdo dada pela REN ANEEL 517, de 11.12.2012)

81° A poténcia instalada da microgeragdo ou minigeracdo
distribuida participante do sistema de compensacdo de energia
elétrica fica limitada a carga instalada, no caso de unidade
consumidora do grupo B, ou a demanda contratada, no caso de
unidade consumidora do grupo A. (Incluido pela REN ANEEL 517,
de 11.12.2012)

82° Caso o consumidor deseje instalar microgeracdo ou minigeragao
distribuida com poténcia superior ao limite estabelecido no §1°,
deve solicitar aumento da carga instalada, no caso de unidade
consumidora do grupo B, ou aumento da demanda contratada, no
caso de unidade consumidora do grupo A. (Incluido pela REN
ANEEL 517, de 11.12.2012.)

Art. 8° Os custos referentes a adequacdo do sistema de medicéo,
necessario para implantar o sistema de compensagdo de energia
elétrica, sdo de responsabilidade do interessado.

81° O custo de adequacdo a que se refere o caput é a diferenca entre
0 custo dos componentes do sistema de medicdo requerido para o
sistema de compensagdo de energia elétrica e o custo do medidor
convencional utilizado em unidades consumidoras do mesmo nivel
de tenséo.

Art. 9° Ap6s a adequagdo do sistema de medicdo, a distribuidora
sera responsavel pela sua operagdo e manutencdo, incluindo os
custos de eventual substituicdo ou adequagéo.

Art. 10. A distribuidora devera adequar o sistema de medicdo dentro

do prazo para realizacdo da vistoria e ligacdo das instalacbes e
iniciar o sistema de compensacdo de energia elétrica assim que for
aprovado o ponto de conexdo, conforme procedimentos e prazos
estabelecidos na secdo 3.7 do Mddulo 3 do
PRODIST(BRASIL,2012).

Dispositivo Legal

Aspectos

Contratuais

Espanha
Lei 24/2013 do Setor Elétrico, de 26 de dezembro de 2013.

Art. 9 apdo. 3° Todos os consumidores sujeitos a qualquer
modalidade de autoconsumo tem a obrigagdo de contribuir com os
custos e servicos do sistema pela energia autoconsumida, quando a
instalacdo de geracdo ou de consumo estiver conectada total ou
parcialmente ao sistema elétrico.

Para estes estardo obrigados a pagar as mesmas taxas de acceso as
redes, encargos associados aos custos do sistema e custos para a
provisdo dos servicios de respaldo dosistema que correspondam a
um consumidor ndo sujeito a nenhum das modalidades de
autoconsumo descritas no apartado anterior.

O Governo poderd establecer regulamentariamente redugdes nas
ditas taxas, cargos e custos nos sistemas nédo peninsulares, quando as
modalidades de autoconsumo suponham una redugdo dos custos
desses sistemas.

Art. 9 apdo. 4° Os consumidores enquadrados nas modalidades de
autoconsumo de energia elétrica tém a obrigacdo de se inscrever no
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registro administrativo de autoconsumo de energia elétrica, pelo
Ministério da Inddstria, Energia e Turismo. Regulamentariamente, a
organizagdo de uma prévia audiéncia as Comunidades Autbnomas e
Cidades de Ceuta e Melilla, debe ser estabelecida pelo Governo,
assim como o procedimiento de inscricdo e comunicagdo de atos ao
registro administrativo de autoconsumo de energia elétrica.

Artigo 27. Registro do regime retributivo especifico.

1. Para a outorga e seguimento adequado da retribuicdo especifica
outorgada as instalagbes de producdo a partir de fontes de energia
renovaveis, cogeracdo e residuos, se lavrarar, no Ministério de
Industria, Energia e Turismo, o0 registro de regime retributivo
especifico, que incluird os parametros retributivos aplicaveis a essas
instalacOes.

2. Para terem direito a receber dos regimes retributivos especificos
correspondentes, as instalagbes de produgdo de energia elétrica ou
renovagdes das existentes deverdo estar inscritas no registro de
regime retributivo especifico. Aquelas instalacdes que ndo estejam
inscritas no respectivo registro, receberdo, exclusivamente, o preco
de mercado. (Traduzido de ESPANHA, 2013).

A resolucdo normativa n°482 da ANEEL € muito didatica ao explicar os deveres
das partes na relacdo entre unidade consumidora com microgeracdo ou minigeracdo e

empresa distribuidora de energia elétrica.

Conforme regulamentado pela normativa brasileira (BRASIL, 2012), ndo é
necessaria a assinatura de contratos de uso e conexdo na qualidade de unidade geradora
com microgeracao ou minigeracdo distribuida que participar do sistema de compensacgdo
de energia elétrica. A norma também deixa claro que o limite de poténcia a ser instalada
em microgeracdo ou minigeracao distribuida é a poténcia da carga instalada, uma vez que

ndo existe a possibilidade de venda do excedente gerado.

Quanto ao sistema de medicdo, a resolucdo prevé que os custos para adequacdo do
sistema, atualmente, sdo alocados aos consumidores que decidem instalar a geragéo
distribuida, devendo-se cobrar apenas diferenca entre o custo dos componentes requeridos
para o sistema de compensacdo de energia elétrica (funcionalidade de medicao
bidirecional) e o custo do medidor convencional utilizado em unidades consumidoras do
mesmo nivel de tensdo (BRASIL, 2015). A responsabilidade pela operagdo e manutencao

dos medidores é da empresa distribuidora de energia.

Acontece que quem define os modelos dos equipamentos a serem adquiridos sdo as
concessionarias de energia, ocasionando uma disparidade muito grande de pregos cobrados

ao consumidor. Com isso, a agéncia reguladora, propde que na proxima revisao na
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resolucéo, o sistema de medi¢do para o consumidor com micro ou minigeracdo, além de

ser instalado pela distribuidora, seja sem custos para o acessante (BRASIL, 2015).

Quanto a alguns aspectos contratuais, a LSE espanhola (ESPANA, 2013)
regulamenta que os consumidores abrangidos pelo regime de autoconsumo devem se
inscrever no Registo Administrativo de Autoconsumo criado pelo Ministério da Inddstria,
Energia e Turismo. A organizacdo desse registro, o procedimento de inscricdo e a
comunicacdo dos dados serdo regulamentados pelo governo, ouvidas, em audiéncia prévia,
as CCAA. Estéa previsto ainda o Registro no Regime Retributivo Especifico, também no
Ministério da Inddstria, Energia e Turismo, e se aplica as instalagdes de producdo a partir
de fontes de energia renovaveis, cogeracdo e residuos; inscricao esta, obrigatoria para ter

direito aos regimes retributivos especificos correspondentes.

Na Espanha, o autoconsumidor devera pagar pela energia consumida procedente da
instalagdo de geragdo conectada a sua rede interna, o chamado “peaje de respaldo” (RIOS,
2014).Apos o art. 9 apdo 3° da LSE ser regulamentado, se iniciou a tramitacdo de uma
norma para regular as condi¢fes administrativas, técnicas e econdmicas das distintas

modalidades de autoconsumo elétrico.

O primeiro rascunho regulamentario elaborado previa o chamado “balance neto”
que seria uma espécie de compensacao da energia gerada pela consumida da rede. Esse
sistema seria vantajoso para o autoconsumidor, uma vez que poderia injetar a energia ndo
consumida, na rede, podendo compensar, no prazo de 12 meses, com a energia que
necessitasse adquirir da mesma. Assim, a energia consumida da rede ndo implicaria em
custo para o consumidor, gerando direitos de consumo futuro, e, 0 mais importante, ndo

seria imposto um custo pela energia autoconsumida.

Esse rascunho regulamentario seguiu um segundo projeto (RIOS, 2014) que foi
enviado em 18 de julho de 2013 a Comissdo Nacional, o qual abandonou a ideia do
“balance neto” e impds o chamado “peaje de respaldo”, que tornaria menos rentavel a
implantacdo de sistemas de autoconsumo para tecnologias como a solar fotovoltaica, por
exemplo. Esse novo rascunho dispde que a geracdo distribuida ndo reduz os custos de
manutencdo das redes de distribuicdo, ja que o autoconsumidor, quando conecta sua rede
ao sistema, esta se beneficiando de tudo que o sistema de distribuicdo pode proporcionar,

ou seja, ele se equipara a uma unidade consumidora, normal, sem qualquer fonte de
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geracdo distribuida instalada. Obviamente, isso ndo se aplicaria ao autoconsumidor

eletricamente isolado.

Nesse sentido, o projeto cria um preco (peaje de respaldo), uma espécie de pedagio,
para 0s autoconsumidores, com o intuito de cobrir os custos de manutencdo e operagdo das
redes de distribuicdo. Essa medida desagradou fortemente as empresas que fornecem
equipamentos para geracdo de energia, a partir de fontes renovaveis, e vem sendo vista

como uma medida que ndo incentiva o autoconsumo na Espanha.

Se em linhas gerais, a previsdo de uma regulamentacdo especifica para o
autoconsumo elétrico é positiva, como previsto no art. 9 da LSE (ESPANA, 2013),
podendo valorar-se como necessaria, dois aspectos ndo incentivam sua implantagdo na
Espanha: a pouca rentabilidade do regime econémico a qual se sujeita e 0 regime
sancionador a qual esta associado. A LSE espanhola (ESPANA, 2013) enquadra as sancdes

em grave e muito grave, podendo as multas chegar ao valor de 60.000 euros.

Quanto a poténcia instalada para o0 autoconsumo, observa-se que a horma espanhola
(ESPANA, 2013) néo é clara, aplicando-se, por analogia, o critério de tenséo estabelecido

no item 1.2 (Conceitos) deste trabalho.

1.4 Consideracgdes Finais

O estudo de Direito Comparado é um instrumento bastante eficaz e enriquecedor na
analise de instrumentos normativos que regulam situacGes analogas. A decisdo pela
realizacdo de uma analise comparativa de sistemas regulatorios depende do caso concreto e
pode fundamentar mudancas nas normas e analises de sistemas vigentes, com o intuito de

otimizar a sua utilizag&o.

A analise comparativa proposta nesse trabalho proporcionou uma visdo critica do
instrumento regulatério da Geracdo Distribuida para autoconsumo no Brasil tendo como
pardmetro a legislacdo espanhola. Observou-se que, comparada & regulamentacdo da
Espanha, a resolucdo normativa n°482 da ANEEL é uma norma especifica, clara e que
detalha a contento os requisitos necessarios para a implantagdo da microgeragdo ou
minigeracgéo distribuida, tanto para o consumidor, quanto para a empresa distribuidora de

energia.
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A regulamentacgdo espanhola sobre Geragdo Distribuida (GD), apesar de o pais ser
referéncia nesse tipo de instalacdo, especificamente para o autoconsumo, ainda é esparsa e

alguns pontos importantes carecem de regulamentacéo.

Vale salientar que néo foi objeto desse trabalho a emissdo de juizo de valor sobre os
regimes juridico-econémicos adotados por ambos o0s paises, uma vez que a andlise de
viabilidade da implantagdo da GD para 0 autoconsumo, sob a égide desses regimes e
utilizando de fontes especificas, devera ser analisada no caso concreto, podendo ser objeto

de um estudo complementar posterior.

O texto deste artigo difere ligeiramente da versdo submetida ao IV Simpdsio
Internacional de Gestdo de Projetos, Inovacdo e Sustentabilidade (IV SINGEP), devido as

observacdes e sugestdes apresentadas pela banca examinadora.
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Apéndice
Otimizacéo

MODEL:
TITLE Selection of technologies;
|.
DATA:
I A very big number compared to the energy flows of the system;
BIGR = 200,;
I' A very big number compared to the number of pieces of equipment in the system;
BIGN = 200;
I'YVE Sale of electricity allowed (nofyes = 0/1);

YVE = @FILE(hospitaljp_LCAdata.ldt);
I'YCE Purchase of electricity allowed (no/yes = 0/1);

YCE = @PFILE(hospitaljp_LCAdata.ldt);
1'YDQ Waste of heat allowed (nolyes = 0/1);
YDQ = @FILE('hospitaljp_LCAdata.ldt);
I ACEMIN Minimum self-consumption of electricity;
ACEMIN = @FILE('hospitaljp_LCAdata.ldt);
I PCG Market price for natural gas ($/MWh);
PCG = @FILE('hospitaljp_LCAdata.ldt);
I PCE Purchase price of electricity($/MWh);
PCE = @FILE(hospitaljp_LCAdata.ldt');
I CECP/CECV On-peak/Off-peak coefficient for purchase of electricity;
CECP, CECV = @FILE(hospitaljp_LCAdata.ldt);
I PVE Sale price of self-generated electricity($/MWh);

PVE = @FILE('hospitaljp_LCAdata.ldt);
I CEVP/ICEVV On-peak/Off-peak coefficient for sale of electricity;
CEVP, CEVV = @FILE('hospitaljp_LCAdata.ldt);
I Factor of indirect inversion costs;

FCl = @FILE('hospitaljp_LCAdata.ldt);
I Maintenance and capital recovery factor;
FAM = @FILE('hospitaljp_LCAdata.ldt");
I Purchase price of diesel;

PDI = @FILE('hospitaljp_LCAdata.ldt');
I Purchase price of biomass;

PBM = @FILE('hospitaljp_LCAdata.ldt);
I'CO2 emissions for natural gas (kg/kWh);

COGN = @FILE('hospitaljp_LCAdata.ldt);
I CO2 emissions for purchased electricity (kg/kWh);
COEC = @FILE('hospitaljp_LCAdata.ldt);
I CO2 emissions for exported electricity (kg/kWh);
COEV = @FILE('hospitaljp_LCAdata.ldt);
I CO2 emissions for diesel (kg/kWh);
CODI = @FILE('hospitaljp_LCAdata.ldt);
I CO2 emissions for biomass (kg/kWh);
COBM = @FILE('hospitaljp_LCAdata.ldt);
I'FAMCO = maintenance and capital recovery environmental factor;
FAMCO = @FILE(hospitaljp_LCAdata.ldt);
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ENDDATA

|.

SETS:

I' Utilities (j) 1. CG natural gas;

! 2. VA high pressure steam;
! 3. WC hot water;

! 4. WR cooling water;
! 5. AA ambient air;

! 6. WF cold water;

! 7. EE electricity;

! 8. Dl diesel;

! 9. BM biomass;

UTIL /CG,VA,WC,WR,AA,WF,EE,DI,BM/: INDPUR, INDDEM, INDSEL, INDWAS;
I INDPUR indicates the possibility of purchase ( no/yes = 0/1);

I INDDEM indicates the possibility of demand ( nofyes = 0/1);

I INDSEL indicates the possibility of sale  ( no/yes = 0/1);

I INDWAS indicates the possibility of waste  ( no/yes = 0/1);

ENDSETS

DATA:

INDPUR, INDDEM, INDSEL, INDWAS = @FILE('hospitaljp_LCAdata.ldt);
ENDDATA

SETS:
I Technologies (i) 1. TGVA gas turbine - cogenerates high pressure steam;
! 2. MGWC gas engine - cogenerates hot water;
! 3. CGVA steam boiler - produces high pressure steam;
! 4. CGWC gas boiler - produces hot water;
! 5. ICVA heat exchanger - high pressure steam-->hot water;
! 6. ICWC heat exchanger - hot water-->cold water;
! 7. FAVA DE absorption chiller - operates on high pressre steam;
! 8. FAWC SE absorption chiller - operates on hot water;
! 9. FMWR enfriadora mecanica - operates on electricity;
! 10. ICWR Cooling tower - cooling water-->ambient air;
! 11. DIWC Diesel engine;
! 12. BMWC Biomass hot water boiler;
! 13. EEVA Steam electric boiler;
! 14. EEWC Hot water electric boiler;
! 15. BMVA Biomass steam boiler;
TECN /TGVA,

MGWC,

CGVA, CGWC,

ICVA, ICWC,

FAVA, FAWC, FMWR,

ICWR, DIWC,

BMWC, EEVA, EEWC, BMVA/: YPT, NET, PET, PIN, CBM, FOV, ECO, COV, CIN, PRA;
I'YPT Presence of equipment (nolyes =0/1);
I'NET Number of pieces of equipment (0,1, ..);
I'PET Nominal power of equipment (Mw);
I'PIN Installed power (MW,
I CBM Cost of installed equipment ($);
I'FOV Variable maintenance and operation costs ($/MWh);
I'ECO CO2 emissions (kgCO2);
I COV Maintenance and operation CO2 emissions (kgCO2/kWh);
I CIN Investment %)
I PRA Annual production (MWh/year);
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ENDSETS

11. November
12. December

DATA:

YPT, NET, PET, CBM, FOV, ECO, COV = @FILE('hospitaljp_LCAdata.ldt);
ENDDATA

SETS:

I Days (kd) 1. January ;
! 2. February

! 3. March ;

! 4. April ;

! 5. May ;

! 6. June ;

! 7. July ;

! 8. August ;

! 9. September

! 10. October ;

|

|

DAYS/ JANUARYL, JANUARYW, FEBRUARYL, FEBRUARYW, MARCHL, MARCHW, APRILL, APRILW,
MAYL, MAYW, JUNEL, JUNEW, JULYL, JULYW, AUGUSTL, AUGUSTW,
SEPTEMBERL, SEPTEMBERW, OCTOBERL, OCTOBERW, NOVEMBERL, NOVEMBERW,
DECEMBERL,DECEMBERW
/: NDA, IDT_INV,
DVAD, DWCD, DWFD, DEED, DDID,
CCGD, CEED, VEED, CDID, CBMD, EFVD,
CTECGD, CTECED, INGVED, CTEOMD, CVARID, CTEDID, CTEBMD,
CO2GND, CO2ECD, CO2EVD, CO2DID, CO2BMD, CO20MD, CO2VARD;

INDA  Number of days per year (days/year);

HIDT_INV Indicates that the day corresponds to winter electric invoicing ( no/yes = 0/1);
IDVAD Steam demand (MWh/day);

I'DWCD How water demand (MWh/day);

IDWFD Cold water demand (MWh/day);

IDEED Electricity demand ~ (MWh/day);

IDDID Diesel demand;

ICCGD Purchase of natural gas (MWh/day);

Il.CEED Purchase of electricity (MWh/day);

I'VEED Sale of electricity ~ (MWh/day);

ICDID Purchase of diesel ~ (MWh/day);

ICBMD Purchase of biomass ~ (MWh/day);
ICTECGD Natural gas cost ($/day);

I CTECED Electricity cost ($/day);

'INGVED Profit with sale of electricity ($/day);

I CTEOMD Variable Operation and maintenance cost ($/day);
I CVARID Total variable cost  ($/day);

I CTEDID Diesel cost  ($/day);

I CTEBMD Biomass cost  ($/day);

I'CO2GND CO2 emissions natural gas (kg/day);
I'CO2ECD CO2 emissions purchased electricity (kg/day);
I'CO2EVD CO2 emissions exported electricity (kg/day);
ICO2DID CO2 emissions diesel (kg/day);

I'CO2BMD CO2 emissions biomass (kg/day);

I CO2VARD CO2 emissions per day (kg/day);

ENDSETS
DATA:
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NDA = @FILE('hospitaljp_LCAdata.ldt);
IDT_INV = @FILE('hospitaljp_LCAdata.ldt);
ENDDATA

SETS:

I'Hours (kh) 1. 1AM 00.00 -> 00.59;

! 2. 2AM 01.00 -> 01.59;
3. 3AM 02.00 -> 02.59;
4. 4AM 03.00 -> 03.59;
5. 5AM 04.00 -> 04.59;
6. 6AM 05.00 -> 05.59;
7. TAM 06.00 -> 06.59;
8. 8AM 07.00 -> 07.59;
9. 9AM 08.00 -> 08.59;
10. 10AM 09.00 -> 09.59;
11. 11AM 10.00 -> 10.59;
12. 12AM 11.00 -> 11.59;
. 2PM 12.00 -> 12.59;
. 2PM 13.00 -> 13.59;
3PM 14.00 -> 14.59;
4PM 15.00 -> 15.59;
5PM 16.00 -> 16.59;
6PM 17.00 -> 17.59;
. 7TPM 18.00 -> 18.59;
. 8PM 19.00 -> 19.59;
9. 9PM 20.00 -> 20.59;
10. 10PM 21.00 -> 21.59;
11. 11PM 22.00 -> 22.59;
12. 12PM 23.00 -> 23.59;

I e

HOURS /1AM 2AM 3AM 4AM 5AM 6AM 7AM 8AM 9AM 10AM 11AM 12AM
1PM 2PM 3PM 4PM 5PM 6PM 7PM 8PM 9PM 10PM 11PM 12PM
/:NHD,
IHPCE_INV, IHVCE_INV, IHPCE_VER, IHVCE_VER,
[HPVE_INV, IHVVE_INV, IHPVE_VER, IHVVE_VER;

INHD  Number of hours per day (hours/day);

IHPCE_INV Indicator of on-peak purchase of electricity in winter ( nolyes = 0/1);
HHVCE_INV Indicator of off-peak purchase of electricity in winter ( no/yes = 0/1);
I'lHPCE_VER Indicator of on-peak purchase of electricity in summer ( nofyes = 0/1);
' lHVCE_VER Indicator of off-peak purchase of electricity in summer ( no/yes = 0/1);
I IHPVE_INV Indicator of on-peak sale of electricity in winter  ( no/yes = 0/1);
HHVVE_INV Indicator of off-peak sale of electricity in winter  ( nolyes = 0/1);
I'lHPVE_VER Indicator of on-peak sale of electricity in summer  ( nolyes = 0/1);

I lHVVE_VER Indicator of off-peak sale of electricity in summer  ( no/yes =0/1);

ENDSETS

DATA:

NHD = @FILE(hospitalip_LCAdata.ldt);
IHPCE_INV = @FILE(hospitaljp_LCAdata.ldt);
IHVCE_INV = @FILE(hospitaljp_LCAdata.ldt);
IHPCE_VER = @FILE(hospitaljp_LCAdata.ldt);
IHVCE_VER = @FILE(hospitalip_LCAdata.ldt);
IHPVE_INV = @FILE(hospitaljp_LCAdata.ldt);
IHVVE_INV = @FILE(hospitalip_LCAdata.ldt);
IHPVE_VER = @FILE('hospitaljp_LCAdata.ldt);
IHVVE_VER = @FILE(‘hospitaljp_LCAdata.ldt);
ENDDATA

SETS:
L
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I TecnUtil (i,j);

I Exchanges CG, VA, WC, WR,
TEUT (TECN,UTIL)/TGVA,CG TGVA,VA TGVAWC
MGWC,CG MGWC,WC MGWC,WR
CGVA,CG CGVA\VA
CGWC,CG CGWC,WC

ICVAVA ICVAWC
ICWC,WC ICWC,WR

AA,  WF, EE, DI, BM;
TGVA,EE
MGWC,EE

FAVA VA FAVAWR FAVA,WF FAVAEE
FAWC,WC FAWC,WR FAWC,WF FAWC,EE
FMWR,WR FMWR,WF FMWR,EE
ICWR,WR ICWR,AA ICWR,EE
DIWC,WC DIWCWR DIWC,EE DIWC,DI
BMWC,WC BMWC,BM
EEVA VA EEVAEE
EEWC,WC EEWC,EE
BMVA, VA BMVA,BM

/:INDC, INDP, RIJV;

I INDC Fuel indicator;
I INDP Product indicator;

I RIJV Flow/Production;
I.

I Cogeneration fuel;
FCIJ (TECN,UTIL)/TGVA,CG
MGWC,CG
DIWC,DI /;
ICogenerated work;
WCIJ (TECN,UTIL)/TGVA,EE
MGWC,EE
DIWC,EE /;
I Cogenerated heat;
QCIJ (TECN,UTIL)/TGVA,VA TGVAWC
MGWC,WC
DIWCWC 1
I Waste heat;
QDIJ (TECN,UTIL)/ICWC,WR/;

I Production of heat by CGVA,;
VABO (TECN,UTIL)/CGVA,VA/;

I Consumption of gas by CGVA,;
VAFF (TECN,UTIL)/CGVA,CG/;

I Production of heat by CGWC;
HWBO (TECN,UTIL)/CGWC,WC/,

I Consumption of gas by CGWC;
COCA (TECN,UTIL)/CGWC,CG/,

I Production of heat by BMWC;
BOBM (TECN,UTIL)/BMWC,WC/;
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I Biomass input to BMWC;
BMBB (TECN,UTIL)/BMWC,BM/,

I Biomass used by biomass boiler VA;

EEEE (TECN,UTIL)/BMVA,BM/;

I Steam production by biomass boiler VA;

DDDD (TECN,UTIL)/BMVA,VA/,

I Production of heat by EEWC;
BOEE (TECN,UTIL)/EEWC,WC/,

I Electricity to EEWC;
EEBB (TECN,UTIL)/EEWC,EE/;

I Production of heat EEVA;
BOVA (TECN,UTIL)/EEVA,VA/;

I Electricity to EEVA,;
EECC (TECN,UTIL)/EEVA,EE/;

I'WR of engines;
WRMO (TECN,UTIL)/MGWC,WR
DIWC,WR/;

I'WC of hot water heat exchanger;
WCII (TECN,UTIL)/ICWC,WC/,

I EE of DE absorption chiller;
EEDE (TECN,UTIL)/FAVA,EE/;

I'WC of DE absorption chiller;
VADE (TECN,UTIL)/FAVA,VA/;

I'WR of DE absorption chiller;
WRDE (TECN,UTIL)/FAVA,WR/;

I' WF of DE absorption chiller;
WEFDE (TECN,UTIL)/FAVA,WF/;

I EE of absorption chiller;
EEAB (TECN,UTIL)/FAWC,EE/;

I'WC of absorption chiller;
WCAB (TECN,UTIL)/FAWC,WC/;

I'WR of absorption chiller;
WRAB (TECN,UTIL)/FAWC,WR/;

I'WF of absorption chiller;
WFAB (TECN,UTIL)/FAWC,WF/,

I EE of mechanical chiller;
EEFM (TECN,UTIL)/FMWR EE/;

' WR of mechanical chiller;
WRFM (TECN,UTIL)/FMWR,WR/;

I' WF of mechanical chiller;

145



WFFM (TECN,UTIL)/FMWR,WF/;

I'WR of the cooling tower;
WRTO (TECN,UTIL)/ICWR,WRY;

I EE of the cooling tower;
EETO (TECN,UTIL)/ICWR,EE/;

I AA of the cooling tower;
AATO (TECN,UTIL)/ICWR,AA/;

I Electricity produced by TGVA;
TGEE (TECN,UTIL)/TGVA,EE/;

I Syngas input to TGVA;
TGGA (TECN,UTIL)/TGVA,CG/;

I Steam by turbine;
TGSS (TECN,UTIL)/TGVA,VA/;

I Hot Water by turbine;
TGHW (TECN,UTIL)/TGVA,WC/;

I Electricity by gas engine;
MGEE (TECN,UTIL)/MGWC,EE/;

I Gas input to gas engine;
MGGG (TECN,UTIL)/MGWC,CG/;

I'WR by gas engine;
MGRR (TECN,UTIL)/MGWC,WR/;

I Hot Water by gas engine;
MGHH (TECN,UTIL)/MGWC,WC/;

I Steam by gas engineg;
I MGSS (TECN,UTIL)/MGWC,VA/;

I Electricity by DI engine;
DIEE (TECN,UTIL)/DIWC,EE/,

I' Dl input to DI engine;
DIGG (TECN,UTIL)/DIWC,DI/;

'WR by DI engine;
DIRR (TECN,UTIL)/DIWC,WR/;

I Hot Water by DI engine;
DIHH (TECN,UTIL)/DIWC,WC/;

| Steam into ICVA,
AAAA (TECN,UTIL)/ICVA VA

I Hot water into ICWC;
BBBB (TECN,UTIL)/ICWC,WC/;

ENDSETS
DATA:
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INDC = @FILE('hospitaljp_LCAdata.ldt));

INDP = @FILE(*hospitaljp_LCAdata.ldt);

RIJV = @FILE(*hospitaljp_LCAdata.ldt);

ENDDATA

|.

SETS:

I DaysHours (kd,kh);

DIHO(DAYS,HOURS): DVAH, DWCH, DWFH, DEEH, DDIH,
PCEDH, PVEDH, CCGH, CEEH, VEEH, CDIH, CBMH, EFVH,
YCEH, YVEH, NTS, NMS, NMDS,
CTECGH, CTECEH, INGVEH, CTEOMH, CVARIH, CTEDIH, CTEBMH, NPS, PPV,
CO2GNH, CO2ECH, CO2EVH, CO2DIH, CO2BMH, CO20MH, CO2VARH;

IDVAH Steam demand (MWh/h);

IDWCH Hot water demand (MWh/h);

I'DWFH Cold water demand (MWhh);

IDEEH Electricity demand ~ (MWh/h);

IDDIH Diesel demand (MWh/h);

I PCEDH Purchase price electricity ($/MWh);

I PVEDH Sale price electricity  ($/MWh);

I'CCGH Purchase natural gas  (MWh/h);

ICEEH Purchase electricity (MWh/h);

I'VEEH Sale electricity (MWh/h);

ICDIH Purchase of diesel ~ (MWh/h);

I'CBMH Purchase of biomass  (MWh/h);

I'YCEH Indicator of electricity purchase (0/1);

I'YVEH Indicator of electricity sale  (0/1);

INTS  Number of turbines in service (0, 1, ...);

INMS  Number of engines in service (0, 1, ...);

INMDS Number of diesel engines in service (0, 1, ...);

I CTECGH Natural gas cost ($/hy;

I CTECEH Electricity cost ($/n);

I'INGVEH Profit with sale of electricity ($/h);

I CTEOMH Variable Operation and maintenance cost ($/h);

I CVARIH Total variable cost  ($/h);

I CTEDIH Diesel cost  ($/h);

I CTEBMH Biomass cost  ($/h);

I'CO2GNH CO2 emissions natural gas (kg/h);

I'CO2ECH CO2 emissions purchased electricity (kg/h);

I'CO2EVH CO2 emissions exported electricity (kg/h);

I'CO2DIH CO2 emissions diesel (kg/h);

I'CO2BMH CO2 emissions biomass (kg/h);

I CO2VARH CO2 emissions per hour (kg/h);

' CO20MH CO2 emissions for operation and maintenance (kg/h);

ENDSETS
DATA:
DVAH, DWCH, DWFH, DEEH, DDIH = @FILE('hospitaljp_LCAdata.ldt);
ENDDATA
|.
SETS:
I DaysHoursUtility (kd,kh,j);
DHU(DAYS,HOURS,UTIL): DEMDHU, PURDHU, CONDHU, PRODHU, SELDHU, WASDHU;
I DEMDHU Demand (MWh/hy;
' PURDHU Purchase (MWh/h);
I CONDHU Consumption  (MWh/h);
I PRODHU Production  (MWh/h);
I SELDHU Sale (MWh/hy;

| WASDHU Waste (MWh/h);
L
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I DaysHours Technologies (kd,kh,i);
DHT(DAYS,HOURS,TECN): PRODHT;

I PRODHT Production (MWh/h);

L

I DaysHoursTechnologiesUtilities (kd,kh,i,j);
DHTU(DAYS,HOURS,TECN,UTIL): FDHTU;

I FDHTU Production (MWh/h);
|.

ENDSETS
I.

PCEDH = @OLE( 'C:\Users\Monica Carvalho\Dropbox\Danielle Bandeira\Artigo LCA\LINGO LCA\HOEP.xIsx',PCEDH");
PVEDH = @OLE( 'C:\Users\Monica Carvalho\Dropbox\Danielle Bandeira\Artigo LCA\LINGO LCA\HOEP.xIsx',PVEDH");

IElectrical power from each PV system installed;
PPV,CPV,AP effPV,COPV = @OLE('C:\Users\Monica Carvalho\Dropbox\Danielle Bandeira\Artigo LCA\LINGO
LCA\PV_Artigo_LCAxIsx', PPV'," CPV " AP, effPV ", '"COPV");

I Calculating the daily and annual demands;

@FOR (DAYS(kd):

DVAD(kd) = @SUM(HOURS(kh): NHD(kh) * DVAH(kd,kh));
DWCD(kd) = @SUM(HOURS(kh): NHD(kh) * DWCH(kd,kh));
DWFD(kd) = @SUM(HOURS(kh): NHD(kh) * DWFH(kd,kh));
DEED(kd) = @SUM(HOURS(kh): NHD(kh) * DEEH(kd,kh));
DDID(kd) = @SUM(HOURS(kh): NHD(kh) * DDIH(kd,kh));

);
DVAA = @SUM(DAYS(kd): NDA(kd) * DVAD(kd));
DWCA = @SUM(DAYS(kd): NDA(kd) * DWCD(kd));
DWFA = @SUM(DAYS(kd): NDA(kd) * DWFD(kd));
DEEA = @SUM(DAYS(kd): NDA(kd) * DEED(kd));
DDIA = @SUM(DAYS(kd): NDA(kd) * DDID(kd));
ENDCALC

|.

I Our Objective -> Minimize annual cost ($/year);
IMIN = ANNUAL_COST;

I Our objective --> Minimize CO2 emissions (kg/year);
MIN = CO2_ANNUAL,;

I Economic balance;

@FREE ( ANNUAL_COST);

ANNUAL_COST = AFIXC + AVARC;

I Annual investment cost ($/year);

INVESTMENT = FCI * (@SUM (TECN(i): CIN(i))) + PAINELSOLARTOT;
PAINELSOLARTOT = CPV * NPV;

AFIXC =FAM * (INVESTMENT) ; I+ 1.02 * EECONX);
I Annual operation cost ($/year);

| CTECGA:;

CTECGA = @SUM(DAYS(kd): NDA(kd) * CTECGD(kd));
| CTECEA;

CTECEA = @SUM(DAYS(kd): NDA(kd) * CTECED(kd)):
| INGVEA;

INGVEA = @SUM(DAYS(kd): NDA(kd) * INGVED(kd));

| CTEOMA;

CTEOMA = @SUM(DAYS(kd): NDA(kd) * CTEOMD(kd));
| CTEDIA;

CTEDIA = @SUM(DAYS(kd): NDA(kd) * CTEDID(kd)):

| CTEBMA;
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CTEBMA = @SUM(DAYS(kd): NDA(kd) * CTEBMD(kd));

| CVARIA;

@FREE (AVARC):

AVARC = CTECGA + CTECEA - INGVEA + CTEOMA + CTEDIA + CTEBMA:;

I Daily operation cost ($/day);

@FOR (DAYS(kd):

I CTECGD;

CTECGD(kd) = @SUM(HOURS(kh): NHD(kh) * CTECGH(kd,kh));

I CTECED;

CTECED(kd) = @SUM(HOURS(kh): NHD(kh) * CTECEH(kd,kh));

' INGVED;

INGVED(kd) = @SUM(HOURS(kh): NHD(kh) * INGVEH(kd,kh));

I CTEOMD;

CTEOMD(kd) = @SUM(HOURS(kh): NHD(kh) * CTEOMH(kd,kh));

I CTEDID;

CTEDID(kd) = @SUM(HOURS(kh): NHD(kh) * CTEDIH(kd,kh));

I CTEBMD;

CTEBMD(kd) = @SUM(HOURS(kh): NHD(kh) * CTEBMH(kd,kh));

I CVARID;

@FREE (CVARID(kd));

CVARID(kd) = CTECGD(kd) + CTECED(kd) - INGVED(kd) + CTEOMD(kd) + CTEDID(kd) + CTEBMD(kd);
);
I Hourly operation cost ($/hour);
@FOR (DIHO(kd, kh):

| CTECGH;

CTECGH(kd,kh) = PCG * CCGH(kd,kh);

| CTECEH;

CTECEH(kd,kh) = (PCEDH(kd,kh) + 0 ) * ( CEEH(kd,kh); 1+ CEEH(kd kh)*3e6/(115e3)"2*0.5*DTRANS);
| INGVEH;

INGVEH(kd,kh) = PVEDH(kd kh) * VEEH (kd kh);

| CTEOMH;

CTEOMH(kd,kh) = (@SUM(TECN(i): FOV(i) * PRODHT(kd,kh,i)));
| CTEDIH;

CTEDIH(kd,kh) = PDI * CDIH(kd,kh);

| CTEBMH;

CTEBMH(kd,kh) = PBM * CBMH(kd,kh);

| CVARIH;

@FREE (CVARIH(kd,kh));
CVARIH(kd,kh) = CTECGHI(kd,kh) + CTECEH(kd,kh) - INGVEH(kd,kh) + CTEOMH(kd,kh) + CTEDIH(kd kh) +
CTEBMH(kd,kh):

);
I****'k'k******************.

I CO2 balance;

@FREE ( CO2_ANNUAL );

CO2_ANNUAL = CO2FIX + CO2VAR;

I CO2 annual investment (kg/year);

CO2INV = @SUM (TECN(i): NET(i) * ECO(i)) + PAINELCO2;
PAINELCO2 = COPV * NPV;

CO2FIX = FAMCO * CO2INV;

I Annual CO2 amissions(kg/year);

I CO2GNA;

CO2GNA = @SUM(DAYS(kd): NDA(kd) * CO2GND(kd));
I CO2ECA;

CO2ECA = @SUM(DAYS(kd): NDA(kd) * CO2ECD(kd));
I CO2EVA;

CO2EVA = @SUM(DAYS(kd): NDA(kd) * CO2EVD(kd));
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| CO2DIA;

CO2DIA = @SUM(DAYS(kd): NDA(kd) * CO2DID(kd));

| CO2BMA;

CO2BMA = @SUM(DAYS(kd): NDA(kd) * CO2BMD(kd));

| CO20MA;

CO20MA = @SUM(DAYS(kd): NDA(kd) * CO20MD(kd));

| CO2VAR;

@FREE (CO2VAR);

CO2VAR = CO2GNA + CO2ECA - CO2EVA + CO2DIA + CO2BMA + CO20MA:;

I Daily CO2 emissions(kg/day);
@FOR (DAYS(kd):

| CO2GND;
CO2GND(kd) = @SUM(HOURS(kh): NHD(kh) * CO2GNH(kd kh));
| CO2ECD;

CO2ECD(kd) = @SUM(HOURS(kh): NHD(kh) * CO2ECH(kd,kh));

| CO2EVD;

CO2EVD(kd) = @SUM(HOURS(kh): NHD(kh) * CO2EVH(kd,kh));

| CO2DID;

CO2DID(kd) = @SUM(HOURS(kh): NHD(kh) * CO2DIH(kd,kh);

| CO2BMD;

CO2BMD(kd) = @SUM(HOURS(kh): NHD(kh) * CO2BMH(kd kh)):
| CO20MD;

CO20MD(kd) = @SUM(HOURS(kh): NHD(kh) * CO20MH(kd,kh));
| CO2VARD;

@FREE (CO2VARD(kd));

CO2VARD(kd) = CO2GND(kd) + CO2ECD(kd) - CO2EVD(kd) + CO2DID(kd)+ CO2BMD(kd)*+ CO20MD(kd);

)!
I'Hourly CO2 emissions(kg/hour);

@FOR (DIHO(kd, kh):

| CO2GNH;

CO2GNHI(kd,kh) = COGN * 1000 * CCGH(kd,kh);
| CO2ECH;

CO2ECH(kd,kh) = COEC * 1000 * CEEH(kd,kh);
| CO2EVH;

CO2EVH(kd,kh) = COEV * 1000 * VEEH(kd,kh);

| CO2DIH;

CO2DIH(kd,kh) = CODI * 1000 * CDIH(kd,kh);

| CO2BMH;

CO2BMH(kd,kh) = COBM * 1000 * CBMH(kd,kh);
| CO20MH;

CO20MH(kd,kh) = @SUM(TECN(i): COV(i) * 1000 * PRODHT(kd kh,));
| CO2VARH;

@FREE (CO2VARH(kd kh);
CO2VARH(kd,kh) = CO2GNH(kd,kh) + CO2ECH(kd,kh) - CO2EVH(kd,kh) + CO2DIH(kd,kh) + CO2BMH(kd,kh) +
CO20MH(kd,kh);

);

@BIN (YCE);
I Tecnologies;
@FOR (TECN(i):
@BIN (YPT(i)); @GIN (NET(i));
NET(i) <= YPT(i) * BIGN;
PIN(i) =NET(i) * PET(i);
CIN(i) =NET(i) * CBM(i) ;
PRA() = @SUM (DHT(kd,kh,i): NDA(kd)*NHD(kh)*PRODHT kd,kh,));
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);

I Do not sell electricity if there is no cogeneration;
YVE <= YPT(@INDEX(TGVA)) + YPT(@INDEX(MGWC))+ YPT(@INDEX(DIWC)) ;

I Production limits;
@FOR(DAYS(kd):
@FOR(HOURS(kh):

@GIN(NTS(kd,kh)); NTS(kd,kh) <= NET(@INDEX(TGVA)); PRODHT (kd,kh,@INDEX(TGVA)) = NTS(kd,kh) *
PET(@INDEX(TGVA));

@GIN(NMS(kd,kh)); NMS(kd,kh) = NET(@INDEX(MGWC)); PRODHT (kd,kh,@INDEX(MGWC)) = NMS(kd,kh) *
PET(@INDEX(MGWC));

@GIN(NMDS(kd,kh)); NMDS(kd,kh) <= NET(@INDEX(DIWC)); PRODHT(kd,kh,@INDEX(DIWC)) = NMDS(kd,kh) *
PET(@INDEX(DIWC));

@FOR (TECN(i):
PRODHT(kd,kh,i) <= PIN(i);
);

);
)

IColetores solares instalados simultaneamente;

@GIN(NPV);
I@GIN(NPV2);
NPV = 200; I Limitation of number of PV panels installed. Can be completely removed if = ( ****¥xsxsies,
@FOR(DAYS(kd):
@FOR(HOURS(kh):

@GlN(NPS(kd,kh)); ! *******************;
NPS(kd,kh) = NPV;

POTMOT = PIN(@INDEX(TGVA)) + PIN(@INDEX(MGWC)) + PIN(@INDEX(DIWC)) ;

| Flows;
@FOR (DAYS(kd):
@FOR(HOURS(kh):
@FOR(TEUT(i,)):
FDHTU(kd,kh,i,j) = PRODHT (kd,kh,i)* RIJV(i,));
);
);
);

I Utility balances;

@FOR(DAYS(kd):
@FOR(HOURS(kh):
@FOR(UTIL()):
CONDHU(kd,kh,j) = @SUM(TEUT(): INDC(i,j)*FDHTU(kd kh,i,j));
PRODHU(kd,kh,j) = @SUM(TEUT(i,j): INDP(i,j)*FDHTU(kd,kh,L)):
PURDHU(kd,kh,j) <= INDPUR(j) * BIGR;

DEMDHU(kd,kh,j) <= INDDEM(j) * BIGR;
SELDHU(kd,kh,j) <= INDSEL(j) * BIGR;
WASDHU(kd,kh,j) <= INDWAS(j) * BIGR:
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IBalance of utilities ONLY ELECTRICITY;

@FOR(DAYS(kd):
@FOR(HOURS(kh):
EFVH(kd,kh) = NPS(kd,kh) * AP * PPV(kd,kh) * effPV/1000 ; 1***Aqui divido por 1000 porque a unidade de PPV esta
em W/m2;
@FOR(UTIL()|(#EQ#T):
PURDHU(kd,kh,j) + PRODHU(kd,kh,j) = CONDHU(kd,kh,j) + DEMDHU(kd,kh,j)
+ SELDHU(kd,kh,j) + WASDHU(kd,kh,j) - EFVH(kd,kh);'BALANCE OF PRODUCTION,SALE,... FOR ELECTRICITY (j=7)

);
);

I Relationships and limitations for purchase-sale of electricity;
@FOR(DAYS(kd):
@FOR(HOURS(kh):

DEMDHU(kd,kh,@INDEX(va)) = DVAH(kd,kh);
DEMDHU(kd,kh,@INDEX(wc)) = DWCH(kd,kh);
DEMDHU(kd,kh,@INDEX(wf)) = DWFH(kd,kh);
DEMDHU(kd,kh,@INDEX(ee)) = DEEH(kd,kh);
DEMDHU(kd,kh,@INDEX(di)) = DDIH(kd,kh);

L

CCGH(kd,kh) = PURDHU(kd,kh,@INDEX(cg));

CEEH(kd kh) = PURDHU(kd kh,@INDEX(ee)); | CEEH(kd,kh) <= YCE*PCONXMAX ; CEEH (kd kh)
<=YCE*BIGR; | CEEH (kd,kh) = 0;

VEEH(kd,kh) = SELDHU(kd,kh, @INDEX(ee)); IVEEH (kd kh) <= YVE*PCONXMAX ; VEEH (kd kh) <=
YVE*BIGR;

CDIH(kd,kh) = PURDHU(kd,kh,@INDEX(di)); !CDIH(kd,kh) <= 8;
CBMH(kd,kh) = PURDHU (kd,kh,@INDEX(bm));

);
);
I Daily and yearly results;

@FOR (DAYS(kd):

I CCGD;

CCGD(kd) = @SUM(HOURS(kh): NHD(kh) * CCGH(kd,kh));
| CEED;

CEED(kd) = @SUM(HOURS(kh): NHD(kh) * CEEH(kd,kh));

I VEED;

VEED(kd) = @SUM(HOURS(kh): NHD(kh) * VEEH(kd,kh));

I CDID;

CDID(kd) = @SUM(HOURS(kh): NHD(kh) * CDIH(kd,kh));

I CBMD;

CBMD(kd) = @SUM(HOURS(kh): NHD(kh) * CBMH(kd,kh));
EFVD(kd) = @SUM(HOURS(kh): NHD(kh) * EFVH(kd,kh));

);

CCGA = @SUM(DAYS(kd): NDA(kd) * CCGD(kd));

CEEA = @SUM(DAYS(kd): NDA(kd) * CEED(kd));

VEEA = @SUM(DAYS(kd): NDA(kd) * VEED(kd));

CDIA = @SUM(DAYS(kd): NDA(kd) * CDID(kd)); ICDIA <=100000;
CBMA = @SUM(DAYS(kd): NDA(kd) * CBMD(kd));

EFVA = @SUM(DAYS(kd): NDA(kd) * EFVD(kd));

I More results;
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I Annual fuel consumed by cogeneration equipment;

FCO = @SUM(FCIJ(i,j): PRA(i)* RIJV(i,) );
I Annual cogenerated work;

WCO = @SUM(WCIJ(i,j): PRA(I)* RIJV(i,j) );
I' Annual cogenerated heat;

QCO = @SUM(QCIJ(i,j): PRA(i)* RIV(i,j) );
I Annual waste heat;

QCD = @SUM(QDIJ(i,j): PRA(i)* RIJV(i,j) );
I'3. DO NOT waste thermal energy;

IQCD <= YDQ*BIGR*8760;

I Consumed cogenerated heat;

QCC =QCO - QCDh;

VAB = @SUM(VABOLi,j): PRA()RIJV() )
VAF = @SUM(VAFF(i): PRAG)'RIV(,) )
HWB = @SUM(HWBOL(i,j): PRA()RIJV(]) )
COC = @SUM(COCAi,): PRA() RIV(i) )
BOB = @SUM(BOBM(i,): PRA()RIV(ij) );
BMB = @SUM(BMBB(,j): PRA()*RIJV(i,) );
DDD = @SUM(DDDD(,): RA(|)*RIJV(| Q)
EEE = @SUM(EEEE(i): PRAG)RIJV(,) )
BOE = @SUM(BOEE(:): PRA()*RIV(i,) );
EEB = @SUM(EEBBY(i,j): PRA()RIJV() )
BOV = @SUM(BOVA(,)): PRA()*RIV(i,) );
EEC = @SUM(EECCI(i,j): PRAG)*RIJV(i,) )
WRM = @SUM(WRMO(i,j): PRAG)*RIV(i,)) );
WCI = @SUM(WCIIij): PRAG)RIIV(,) )
EED = @SUM(EEDE(i,j): PRAG)RIV(ij) );
VAD = @SUM(VADE(i,j): PRA)RIV(i,) );
WRD = @SUM(WRDE(i): PRA)*RIJV(i,) );
WFD = @SUM(WFDE(i): PRA()*RIJV(i,) )
EEA = @SUM(EEAB(i,j): PRA()RIJV(,) )
WCA = @SUM(WCAB(i,j): PRA()RIV(i) );
WRA = @SUM(WRAB(i,j): PRA()RIV(i) );
WFA = @SUM(WFAB()): PRAG)RIJV(i,) );
EEF = @SUM(EEFM(i,): PRAG)'RIV(i,) );
WRF = @SUM(WRFM(i,j): PRAG)RIV(i]) )
WFF = @SUM(WFFM(i,j): PRAG)RIV(i) );
WRT = @SUM(WRTO(i,j): PRA()'RIV(i) );
EET = @SUM(EETOi,j): PRA()*RIJV(i,) )
AAT = @SUM(AATO(i,): PRA('RIV(i,) );
TGE = @SUM(TGEE()): PRA()RIJV(,) )
TGG = @SUM(TGGA(,): PRA()RIV(ij) );
TGS = @SUM(TGSS(i,j): PRA()RIJV(,) );
TGH = @SUM(TGHW(i,)): PRA()"RIV(i,)) );
MGE = @SUM(MGEE(,): PRA()"RIV(i) );
MGG = @SUM(MGGG(i,j): PRA()*RIV(i,) );
MGR = @SUM(MGRR(i,j): PRA()*RIV(i,}) );
MGH = @SUM(MGHH(i,j): PRA()RIV(i,j) ):
DIR = @SUM(DIRR(i,j): PRA()*RIV(i) );
DIE = @SUM(DIEE(:,j): PRAG)*RIV(i,) );
DIG = @SUM(DIGG(i,j): PRAG)*RIV(i) );
DIH = @SUM(DIHH(i,j): PRAG)RIV(i) );
(i
(i

— P
== —

AAA = @SUM(AAAA()): PRA()YRIV(i,) );
BBB = @SUM(BBBBY(i,j): PRA(I)RIJV(i) )

CALC:
@SET('TERSEQ', 1);
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@SET( 'LINLEN', 120);
ISolving the model;
@SOLVE( );
IPrint results in file;
@DIVERT( 'hospitaljp_RESULTSLCA.ixt', 'A");
@WRITE( ' Equipamento instalado: ', @NEWLINE(2),
" Gas fuelled gas turbine : ', NET(@INDEX(TGVA)),
", (kW) ="', @FLOOR( 1000*PIN(@INDEX(TGVA))), ', (R$/unid) ="', CBM(@INDEX(TGVA)), @NEWLINE(1),

' Grupo geradoragas : ', NET(@INDEX(MGWC)),

", (kW) ="', @FLOOR( 1000*PIN(@INDEX(MGWC))), ', (R$/unid) =", CBM(@INDEX(MGWC)), ', (emissoes) =",
ECO(@INDEX(MGWC)), @NEWLINE(1),

" Grupo gerador a diesel : ', NET(@INDEX(DIWC)),

", (kW) ="', @FLOOR( 1000*PIN(@INDEX(DIWC))), ', (R$/unid) =", CBM(@INDEX(DIWC)), ', (emissdes) =",
ECO(@INDEX(DIWC)), @NEWLINE(1),

' Caldeira Vapor (GN) : ', NET(@INDEX(CGVA)),

', (kW) ="', @FLOOR( 1000*PIN(@INDEX(CGVA))), ', (R$/unid) ="', CBM(@INDEX(CGVA)), ', (emissdes) =",
ECO(@INDEX(CGVA)), @NEWLINE(1),

' Caldeira Agua Quent (GN): ', NET(@INDEX(CGWC)),

", (kW) ="', @FLOOR( 1000*PIN(@INDEX(CGWC))), ', (R$/unid) =", CBM(@INDEX(CGWC)), ', (emissoes) =
', ECO(@INDEX(CGWC)), @NEWLINE(1),

' Caldeira Vapor (BM) : ', NET(@INDEX(BMVA)),

", (kW) ="', @FLOOR( 1000*PIN(@INDEX(BMVA))), ', (R$/unid) ="', CBM(@INDEX(BMVA)), ', (emissdes) =",
ECO(@INDEX(BMVA)), @NEWLINE(1),

' Caldeira Agua Quent (BM): ', NET(@INDEX(BMWC)),

', (kW) =", @FLOOR( 1000*PIN(@INDEX(BMWC))), ', (R$/unid) ="', CBM(@INDEX(BMWC)), ', (emissodes) =
', ECO(@INDEX(BMWC)), @NEWLINE(1),

' Caldeira Vapor (EE) : ', NET(@INDEX(EEVA)),

", (kW) ="', @FLOOR( 1000*PIN(@INDEX(EEVA))), ', (R$/unid) =", CBM(@INDEX(EEVA)), ', (emissdes) =",
ECO(@INDEX(EEVA)), @NEWLINE(1),

' Caldeira Agua Quent (EE): ', NET(@INDEX(EEWC)),

', (kW) ="', @FLOOR( 1000*PIN(@INDEX(EEWC))), ', (R$/unid) =", CBM(@INDEX(EEWC)), ', (emissbes) =,
ECO(@INDEX(EEWC)), @NEWLINE(1),

" Trocador Calor VA ->WC: ', NET(@INDEX(ICVA)),

', (kW) =", @FLOOR( 1000*PIN(@INDEX(ICVA))), ', (R$/unid) ="', CBM(@INDEX(ICVA)), ', (emissdes) =",
ECO(@INDEX(ICVA)), @NEWLINE(2);

)
@WRITE( ' More equipment: ', @NEWLINE(2) ,

" Chiller Absorcao 2 X : ', NET(@INDEX(FAVA)),
", (kW) ="', @FLOOR( 1000*PIN(@INDEX(FAVA))), ', (R$/unid) ="', CBM(@INDEX(FAVA)), ', (emissoes) =,
ECO(@INDEX(FAVA)), @NEWLINE(1),
" Chiller Absorcao 1 X : ', NET(@INDEX(FAWC)),
", (kW) ="', @FLOOR( 1000*PIN(@INDEX(FAWC))), ', (R$/unid) =", CBM(@INDEX(FAWC)), ', (emisstes) =",
ECO(@INDEX(FAWC)), @NEWLINE(1),
" Chiller Mecanico . ', NET(@INDEX(FMWR)),
", (kW) =", @FLOOR( 1000*PIN(@INDEX(FMWR))), ', (R$/unid) ="', CBM(@INDEX(FMWR)), ', (emissGes) =",
ECO(@INDEX(FMWR)), @NEWLINE(1),

" Torre de resfriamento : ', NET(@INDEX(ICWR)),

", (kW) ="', @FLOOR( 1000*PIN(@INDEX(ICWRY))), ', (R$/unid) =", CBM(@INDEX(ICWR)), ', (emissdes) =,
ECO(@INDEX(ICWR)), @NEWLINE(1),

" Trocador Calor WC -> WR : ', NET(@INDEX(ICWC)),

', (kW) =", @FLOOR( 1000*PIN(@INDEX(ICWC))), ', (R$/unid) =", CBM(@INDEX(ICWC)), ', (emissdes) =,
ECO(@INDEX(ICWC)), @NEWLINE(2),

' Paineis Fotovoltaicos : ', @FORMAT (NPV, '4.2f),", (R$/unid) =', @FORMAT (CPV, '4.2f), ", (emissoes) =",
@FORMAT(COPV, '4.2f'), @NEWLINE (2);

);
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@WRITE(" Prego da eletricidade C  (R$/MWh) =', @FORMAT(PCE, ~ '12.0f), @NEWLINE(1));
@WRITE(" Preco da eletricidade V. (R$/MWh) =', @FORMAT(PVE, ~ '12.0f), @NEWLINE(1))
@WRITE(" Precodogasnatural  (R$/MWh) =", @FORMAT(PCG, ~ '12.0f), @NEWLINE(1) );
@WRITE(" Preo do diesel (R$/MWh) =", @FORMAT(PDI,  "12.0f), @NEWLINE(1) );

@WRITE(" Prego da biomassa (R$/MWh) =", @FORMAT(PBM,  '12.0f), @NEWLINE(2) );

@WRITE(" Emissdes eletricidade C ~ (__/MWh) =", @FORMAT(1000°COEC,  '12.0f), @NEWLINE(1) );
@WRITE(" Emissdes eletricidade V. (__/MWh) =", @FORMAT(1000‘COEV, ~ '12.0f), @NEWLINE(1))
@WRITE(" Emissdes do gas natural ~ (__/MWh) =", @FORMAT(1000°COGN,  '12.0f), @NEWLINE(1));
@WRITE(" Emissdes do diesel (__/MWh) =', @ORMAT(1000*CODI, ~ '12.0f), @NEWLINE(1) );
@WRITE(" Emissdes da biomassa (__/MWh)) =", @FORMAT(1000‘COBM,  "12.0f), @NEWLINE(2) );

@WRITE( ' Investimento inicial em equipamentos (R$) ="', @FORMAT(INVESTMENT, '12.0f), @NEWLINE(2) );
CUSTOPAINEIS = CPV * NPV;

@WRITE(" Custo com paineis PV (R$) =', @FORMAT(CUSTOPAINEIS, '12.0f), @NEWLINE(1) );
@WRITE(' Custo TOTAL (R$/ano) =', @FORMAT(ANNUAL_COST, '12.0f), @NEWLINE(2) );

@WRITE(' Custo de equipamentos (inclui TS, PV...)  (R$/ano) =', @FORMAT(AFIXC,  '12.0f), @NEWLINE(1)
)
ANNUALVAR = AVARC - CTEOMA;

@WRITE(" Custos variaveis (R$/ano) =', @FORMAT(AVARC,  '12.0f), @NEWLINE(1) );
@WRITE(' O&M  Custos (R$/ano) ="', @FORMAT(CTEOMA,  '12.0f), @NEWLINE(3) );

@WRITE( ' Investimento inicial em equipamentos (Emissdes) ="', @FORMAT(CO2INV, '12.0f), @NEWLINE(2) );
@WRITE("' Emissdes TOTAIS  (Emissao/ano) ="', @FORMAT(CO2_ANNUAL, '12.0f), @NEWLINE(2) );
@WRITE(" Emiss&o de equipamentos (inclui TS, PV...)  (Emiss&o/ano) =', @FORMAT(CO2FIX,  '12.0f),
@NEWLINE(1) );

ANNUALVARCO2 = CO2VAR - CO20MA;

@WRITE(' Emissdes variaveis (Emissao/ano) = ', @FORMAT(CO2VAR,  '12.0f), @NEWLINE(1) );
@WRITE(' O&M  Emissdes (emissdo/ano) ="', @FORMAT(CO20MA,  '12.0f), @NEWLINE(3) );

@WRITE( ' Fluxos de energia (MWh/ano) : ', @NEWLINE(2) );

@WRITE(' Demanda de vapor =', @FORMAT(DVAA, '12.0f), @NEWLINE(1) );
@WRITE(' Demanda de calor ="', @FORMAT(DWCA, '12.0f'), @NEWLINE(1) );
@WRITE(' Demanda de frio =" @FORMAT(DWFA, '12.0f), @NEWLINE(1) );
@WRITE(" Demanda de eletricidade ="', @FORMAT(DEEA, '12.0f), @NEWLINE(1) );
@WRITE(' Demanda de diesel ="', @FORMAT(DDIA, '12.0f), @NEWLINE(1) );

@WRITE(' Importacao de gas natural =', @FORMAT(CCGA, '12.0f),"' Custo (R$/ano) =", @FORMAT(CTECGA,
"12.0f), ' Emissdes (__/ano) =', @FORMAT(CO2GNA, '12.0f), @NEWLINE(1) );

@WRITE(' Importacao de eletricidad ="', @FORMAT(CEEA, '12.0f)," Custo (R$/ano) ="', @FORMAT(CTECEA,
'12.0f"), ' Emissdes (__/ano) =', @FORMAT(CO2ECA, '12.0f), @NEWLINE(1) );

@WRITE(" Fotovoltaica eletricidade ="', @FORMAT(EFVA, "12.0f), @NEWLINE(1) );

@WRITE(' EXPORTAGAOQ de eletricidade=", @FORMAT(VEEA, '12.0f),' Renda (R$/ano) =",
@FORMAT(INGVEA, "12.0f), ' Emissdes (__/ano) ="', @FORMAT(CO2EVA, "12.0f),@NEWLINE(1) );

@WRITE(' Importacao de diesel ="', @FORMAT(CDIA, '12.0f),' Custo (R$/ano) ="', @FORMAT(CTEDIA,
'12.0f"), ' Emissdes (__/ano) =', @FORMAT(CO2DIA, '12.0f),@NEWLINE(1) );

@WRITE(' Importacao de biomassa ="', @FORMAT(CBMA, '12.0f)," Custo (R$/ano) ="', @FORMAT(CTEBMA,
"12.0f), ' Emissdes (__/ano) =', @FORMAT(CO2BMA, '12.0f), @NEWLINE(2) );

@WRITE(' FLUXOS ANUAIS (MWh) ', @NEWLINE(2) );
@WRITE( ' Combustivel para cogeracao="', @FORMAT(FCO,'6.0f), @NEWLINE(1) );

@WRITE( ' Trabalho cogerado =", @FORMAT(WCO,'6.0f), @NEWLINE(1));
@WRITE( ' Calor cogerado =", @FORMAT(QCO,'6.0f'), @NEWLINE(1));
@WRITE(" Calor cogerado consumido ="', @FORMAT(QCC,'6.0f"), @NEWLINE(1));
@WRITE( "' Calor despilfarrado ="', @FORMAT(QCD,'6.0f'), @NEWLINE(2) );

@WRITE( ' Gas consumption for TGVA ="', @FORMAT(TGG,'6.0f), @NEWLINE(1));
@WRITE( ' Steam from TGVA =", @FORMAT(TGS,'6.0f), @NEWLINE(1) );
@WRITE( ' Hot water from TGVA =", @FORMAT(TGH,'6.0f), @NEWLINE(1) );
@WRITE(' Electricity from TGVA ="', @FORMAT(TGE,'6.0f), @NEWLINE(2) );
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@WRITE(" Gas consumption for MGWC =, @FORMAT(MGG,'.0f), @NEWLINE(1) );
@WRITE('WR fromMGWC =", @FORMAT(MGR,'6.0f), @NEWLINE(1));
@WRITE(' Hot water from MGWC ="', @FORMAT(MGH,6.0f), @NEWLINE(1) );
@WRITE(" Electricity from MGWC =", @FORMAT(MGE,'6.0f), @NEWLINE(2) );
@WRITE(' DI consumption for DIWC =', @FORMAT(DIG,6.0f), @NEWLINE(1) );
@WRITE(' Hot water from DINC ="', @FORMAT(DIH,6.0f), @NEWLINE(1) );
@WRITE(" WR from DIWC =', @FORMAT(DIR 6.0f), @NEWLINE(1));
@WRITE(" Electricity from DINC =", @FORMAT(DIE,'6.0f), @NEWLINE(2) );

@WRITE( " Steam from steam boiler ="', @FORMAT(VAB,'6.0f), @NEWLINE(1) );
@WRITE( " Fuel for CGVA =", @FORMAT(VAF,'6.0f), @NEWLINE(2) );

@WRITE( ' Heat from hot water boiler=", @FORMAT(HWB,'6.0f), @NEWLINE(1) );
@WRITE( "' Fuel for CGWC ="', @FORMAT(COC,'6.0f'), @NEWLINE(2) );

@WRITE( " Heat from BM VA boiler ="', @ ORMAT(DDD,'6.0f), @NEWLINE(1) );
@WRITE(' Biomass for boiler ="', @FORMAT(EEE,'6.0f), @NEWLINE(2) );

@WRITE( ' Heat from BM HW boiler ="', @FORMAT(BOB,'6.0f), @NEWLINE(1) );
@WRITE(' Biomass for boiler ="', @FORMAT(BMB,'6.0f), @NEWLINE(2) );

@WRITE( " Heat from EE VA boiler ="', @ ORMAT(BOV,'6.0f), @NEWLINE(1) );
@WRITE(" Electricity to boiler =", @ ORMAT(EEC,'6.0f), @NEWLINE(2) );

@WRITE( " Heat from EE HW boiler ="', @FORMAT(BOE,'6.0f), @NEWLINE(1) );
@WRITE(" Electricity to boiler =", @FORMAT(EEB,'6.0), @NEWLINE(2) );

@WRITE(' EE of DE absorption chiller = ', @FORMAT(EED,'6.0f), @NEWLINE(1) );
@WRITE(" WC of DE absorption chiller =', @FORMAT(VAD,'6.0f), @NEWLINE(1) );
@WRITE("' WR of DE absorption chiller =', @ ORMAT(WRD, 6.0f), @NEWLINE(1) );
@WRITE(" WF of DE absorption chiller =, @ ORMAT(WFD,'6.0f), @NEWLINE(2) );

@WRITE(" EE of absorption chiller = ', @FORMAT(EEA,'6.0f), @NEWLINE(1));
@WRITE(' WC of absorption chiller =', @FORMAT(WCA,'6.0f), @NEWLINE(1) );
@WRITE(' WR of absorption chiller =', @ ORMAT(WRA,'6.0f), @NEWLINE(1) );
@WRITE(" WF of absorption chiller = ', @FORMAT(WFA,'6.0f), @NEWLINE(2) );

@WRITE(" EE of mechanical chiller = ', @FORMAT(EEF,'6.0f), @NEWLINE(1) );
@WRITE(' WR of mechanical chiller = ', @FORMAT(WRF,'6.0f), @NEWLINE(1) );
@WRITE(' WF of mechanical chiller = ', @FORMAT(WFF,'6.0f), @NEWLINE(2) );

@WRITE(' WR of cooling tower =", @FORMAT(WRT,'6.0f), @NEWLINE(1) );
@WRITE(' EE of cooling tower =", @FORMAT(EET,6.0f), @NEWLINE(1) );
@WRITE(" AA of cooling tower =", @FORMAT(ATT,'6.0f), @NEWLINE(2) );

@WRITE(" Steam going into [CVA =", @FORMAT(AAA,'6.0f), @NEWLINE(1) );
@WRITE(' Hot water into ICWC =", @FORMAT(BBB, '6.0), @NEWLINE(1) );

ENDCALC

|.

SETS:

PINTT(DAYS,HOURS): DVAH_p, DWCH_p, DWFH_p, DEEH_p, CCGH_p, CEEH_p, VEEH_p, CDIH_p, CBMH_p,
EFVH_p;

ENDSETS

CALC:

@FOR(DAYS(kd):
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@FOR(HOURS(kh):

DVAH_p(kd,kh) = @FLOOR( DVAH(kd,kh) );
DWCH_p(kd,kh) = @FLOOR( DWCH(kd,kh) );
DWFH_p(kd,kh) = @FLOOR( DWFH(kd,kh) );
DEEH_p(kd,kh) = @FLOOR( DEEH(kd,kh) );
CCGH_p(kd,kh) = @FLOOR( CCGH(kd,kh) );
EFVH_p(kd,kh) = @FLOOR( 1000 * EFVH(kd,kh) );
CEEH_p(kd,kh) = @FLOOR( 1000 * CEEH(kd,kh) );
VEEH_p(kd,kh) = @FLOOR( 1000 * VEEH(kd,kh) );
CDIH_p(kd,kh) = @FLOOR( CDIH(kd,kh) );
CBMH_p(kd,kh) = @FLOOR( 1000* CBMH(kd,kh) );

);
);
ENDCALC
DATA:
@TEXT (‘hospitaljp_RESULTSLCA.txt', 'A") = @WRITE( @NEWLINE(1) , ' Importacao de eletricidade (kW) =";
@TEXT (‘hospitaljp_RESULTSLCA.txt', 'A") = @WRITE( @NEWLINE(1));

@TEXT (‘hospitaljp_RESULTSLCA.txt', 'A" ) = @TABLE( CEEH_p, 2, 1);

@TEXT (‘hospitaljp_RESULTSLCA.txt', 'A") = @WRITE( @NEWLINE(2) , ' Producao de eletricidade por Fotovoltaica
(kw)=");
@TEXT (‘hospitaljp_RESULTSLCA.txt', 'A") = @WRITE( @NEWLINE(1));

@TEXT (‘hospitaljp_RESULTSLCA.txt', 'A" ) = @TABLE( EFVH_p, 2, 1);

@TEXT (‘hospitaljp_RESULTSLCA.txt', 'A" ) = @WRITE( @NEWLINE(1) , ' Sale of electricity (kW) =");

@TEXT ('hospitaljp_RESULTSLCA.txt', 'A") = @WRITE( @NEWLINE(1));
@TEXT (‘hospitaljp_RESULTSLCA.txt', 'A") = @TABLE( VEEH_p, 2, 1);
@TEXT ('hospitaljp_RESULTSLCA.txt', 'A") = @WRITE( @NEWLINE(1),
@TEXT (‘hospitaljp_RESULTSLCA.txt', 'A") = @WRITE( @NEWLINE(1));
@TEXT (‘hospitaljp_RESULTSLCA.txt', 'A") = @TABLE( CBMH, 2, 1);
@TEXT ('hospitaljp_RESULTSLCA.txt', 'A") = @WRITE( @NEWLINE(2) , ' No. paineis PV funcionando
simultaneamente = ');

@TEXT ('hospitaljp_RESULTSLCA.txt', 'A") = @WRITE( @NEWLINE(1));

@TEXT (‘hospitaljp_RESULTSLCA.txt', 'A") = @TABLE( NPS, 2, 1);

@TEXT ('hospitaljp_RESULTSLCA.txt', 'A") = @WRITE( @NEWLINE(2) , ' Radiag&o solar em plano horizontal = );
@TEXT (‘hospitaljp_RESULTSLCA.txt', 'A") = @WRITE( @NEWLINE(1));

@TEXT (‘hospitaljp_RESULTSLCA.txt', 'A") = @TABLE( PPV, 2, 1);

" Importacao de biomassa (kW) =");
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Apéndice Il

Dados
I Technologies (i) 1. TGVA gas turbine - cogenerates high pressure steam;
2. MGWC gas engine - cogenerates hot water;
3. CGVA steam boiler - produces high pressure steam;
4. CGWC gas boiler - produces hot water;
5. ICVA heat exchanger - high pressure steam-->hot water;
6. ICWC heat exchanger - hot water-->cold water;

7. FAVA DE absorption chiller - operates on high pressre steam;
8. FAWC SE absorption chiller - operates on hot water;

9. FMWR enfriadora mecanica - operates on electricity;

10. ICWR Cooling tower - cooling water-->ambient air;

11. DIWC Diesel engine;

12. BMWC Biomass hot water boiler;

13. EEVA Steam electric boiler;

14. EEWC Hot water electric boiler;

!
!
!
!
!
!
!
!
!
!
!
!
!
! 15. BMVA Biomass steam boiler;

I'YPT Presence of equipment (nolyes=0/1);
I'NET Number of pieces of equipment 0,1, ..);

I'PET Nominal power of equipment (MW);

I'PIN Installed power (MW);

I CBM Cost of installed equipment (§ Fraxmimkrr ko),
I'FOV Variable maintenance and operation costs ($/MWh);

I'ECO CO2 emissions (kgCO2);

I'COV CO2 emissions associated with operation and maintenance (kgCO2/MWh);

'YPT, NET, PET, CBM, FOV, ECO, COV =;
0, 0, 0.360, 4000000, 15.00, 80500, 0.00, ! TGVA,;

, , 0.410,463000, 15.00, 353, 0.00, ! MGWC;
, 0.300, 47900, 2.00,2230000, 0.00, ! CGVA,;
, 0.300, 49300, 2.00,2230000, 0.00, ! CGWC;
, , 0.400, 8900, 2.00, 1500, 0.00, ! ICVA;
, , 0.400, 7400, 2.00, 1470, 0.00, ! ICWC;
, 0.450, 465200, 10.00, 247000, 0.00, ! FAVA;
, 0.490, 539700, 10.00, 325000, 0.00, ! FAWC;
, 0.270, 217400, 4.00, 13900, 0.00, ! FMWR;
, 1.000, 28000, 10.00, 9710, 0.00, I ICWR;

, , 0.400, 227000, 15.00, 6980000, 0.00, ! DIWC;
, , 0.170, 62500, 8.00, 2730, 0.00, ! BMWC;
, , 0.150, 42500, 2.00, 2230000, 0.00,! EEVA,
, , 0.150, 28200, 2.00, 2230000, 0.00, ! EEWC;
, 0.250, 51000, 8.00 2730, 0.00 ! BMVA;~
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I Days (kd) 1. January ;
! 2. February

! 3. March ;

! 4. April ;

! 5. May ;

! 6. June ;

! 7. July ;

! 8. August ;

! 9. September
! 10. October ;

! 11. November
! 12. December

I'Number of days per year of representative days;
INDA =;
2011 199 2011 2010 2011 1911 2011 2011 219 2011 2010 2011 ~

I'Indicator that the representative day corresponds to winter electrical invoicing;
FIDT_INV =;
1TM1111111111 111111111111~

I Number of hours/day;
INHD =;
1M1 11111111111111111111 11~

I On-peak winter coefficient for electricity purchase;

I Hourly differentiation #2;

HIHPCE_INV =;
000000011111111111000000~

I Off-peak winter coefficient for electricity purchase;

I Hourly differentiation #2;

HHVCE_INV =;
111111100000000000111111~

I On-peak summer coefficient for electricity purchase;

I Hourly differentiation #2;

' IHPCE_VER =;
000000011111111111000000~

I Off-peak summer coefficient for electricity purchase;

I Hourly differentiation #2;

I'HVCE_VER =;
111111100000000000111111~

I On-peak winter coefficient for electricity sale;
'HPVE_INV =;
000000000001111111111000~

I Off-peak winter coefficient for electricity sale;
HHVVE_INV =;
1711111111110000000000111~

I On-peak summer coefficient for electricity sale;
'HPVE_VER =;
0000000000001 11111111100~
I Off-peak summer coefficient for electricity sale;
'HVVE_VER =;
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111111111111000000000011~

I TecnUtil (i,j);
I Exchanges CG, VA, WC, WR,
TEUT (TECN,UTIL)/TGVA,CG TGVAVA TGVA,WC
MGWC,CG MGWC,WC MGWC,WR
CGVA,CG CGVAVA
CGWC,CG CGWC,WC

ICVAVA ICVAWC
ICWC,WC ICWC,WR

FAVA VA FAVAWR
FAWC,WC FAWC,WR
FMWR,WR

ICWR,WR ICWR,AA

DIWC,WC DIWC,WR

BMWC,WC
EEVA,VA
EEWC,WC
BMVA,VA
I Consumption indicator;
'INDC =;
1 0 0 0
1 0 0 0
1 0
1 0
1 0
1 0
1 0 0 1
1 0 0 1
0 0 1
1 0 1
0 0 0 1
0 1
0 1
0 1
0 1
I Production indicator;
'INDP =;
0 1 1 1
0 1 1 1
0 1
0 1
0 1
0 1
0 1 1 0
0 1 1 0
1 10
0 1 0
1 1 1 0
1 0
1 0
1 0
1 0
I Relative flow (to principal);
IRIJV =;
3.03 059 0.66 1

160

WF, EE, DI,
TGVAEE
MGWC,EE

FAVAWF FAVAEE
FAWC,WF FAWC,EE
FMWR,WF FMWR,EE
ICWR,EE
DIWC,EE DIWC,DI

BM ;

BMWC,BM

EEVAEE
EEWC,EE

11 TGVA;
12 MGWG,
13 CGVA;
14 CGWC;
15 ICVA;

16 ICWC;
17 FAVA;
18 FAWC;
19 FMWR;
110 ICWR;
111 DIWC;
112 BMWC;
113 EEVA,
114 EEWC;
115 BMVA;~

I TGVA;

I MGWC;

| CGVA;

I CGWC;

1ICVA,

1ICWC;

I FAVA;

I FAWC;

I FMWR;

IICWR;

I DIWC;
| BMWC;
I EEVA;
I EEWC;
I BMVA;~

ITGVA;

BMVA,BM



2.66 110 045 1
118 1
1.22 1
1.1 1
11 1
0.77 1.77 1001
132 232 1 0.01
1.22 1 022
1 1.0 0.02
0.80 0.50 1 2.66
1 1.25
1
1
1 1.40
I Energy Demands;
I DVAH, DWCH, DWFH, DEEH, DDIH =;
I VA WC WF EE DI;
0.0000 0.0823 0.0573 0.2912 0.0000 !00->01;
0.0000 0.0672 0.0383 0.2949 0.0000 !01->02;
0.0000 0.0640 0.0209 0.2898 0.0000 !02->03;
0.0000 0.0606 0.0000 0.3074 0.0000 !03->04;
0.0000 0.0884 0.0000 0.3226 0.0000 !04->05;
0.0270 0.1159 0.0000 0.3089 0.0000 !05->06;
0.0270 0.1568 0.0122 0.4986 0.0000 !06->07;
0.0270 0.1980 0.0823 0.5501 0.0000 !07->08;
0.0270 0.2445 0.1830 0.5065 0.0000 !08->09;
0.0270 0.2908 0.2936 0.5643 0.0000 !09->10;
0.0390 0.2553 0.3936 0.5063 0.0000 !10->11;
0.0390 0.2198 0.4724 0.4255 0.0000 !11->12
0.0390 0.1919 0.5301 0.3433 0.0000 !12->13;
0.0270 0.1637 0.5693 0.4172 0.0000 !13->14;
0.0270 0.1550 0.5870 0.3921 0.0000 !14->15;
0.0270 0.1460 0.5760 0.3594 0.0000 !15->16;
0.0390 0.1582 0.5320 0.2643 0.0000 !16->17;
0.0390 0.1701 0.4616 0.2091 0.0000 !17->18;
0.0270 0.1634 0.3812 0.2035 0.0000 !18->19;
0.0270 0.1564 0.3076 0.1989 0.0000 !19->20;
0.0000 0.1208 0.1554 0.3164 0.0000 !20->21;
0.0000 0.0858 0.1267 0.3023 0.0000 !21->22;
0.0000 0.0916 0.1020 0.3634 0.0000 !22->23;
0.0000 0.0974 0.0787 0.3020 0.0000 !23->24;
' VA WC WF EE DI;
0.0000 0.0823 0.0487 0.2438 0.0000 !00->01;
0.0000 0.0672 0.0326 0.2491 0.0000 !01->02
0.0000 0.0640 0.0178 0.2532 0.0000 !02->03;
0.0000 0.0606 0.0000 0.2603 0.0000 !03->04;
0.0000 0.0884 0.0000 0.2864 0.0000 !04->05;
0.0135 0.1159 0.0000 0.2640 0.0000 !05->06;
0.0135 0.1568 0.0088 0.2811 0.0000 !06->07;
0.0135 0.1980 0.0591 0.3038 0.0000 !07->08;
0.0135 0.2445 0.1315 0.3268 0.0000 !08->09;
0.0135 0.2908 0.2110 0.3456 0.0000 !09->10;
0.0195 0.2553 0.2828 0.2853 0.0000 !10->11;
0.0195 0.2198 0.3395 0.2711 0.0000 !11->12;
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January wd

January we

IMGWC;

ICGVA; leff=0,85;
ICGWC ; leff=0,82;
'ICVA;

HICWC;

IFAVA;

IFAWC;

I'FMWR ;

HCWR ;

IDIWC;

I BMWC ; leff=0,80;
IEEVA; leff-0.87;
IEEWC ; leff=0.90;
I BMVA ;~ leff=0.71;

)



0.0195
0.0135
0.0135
0.0135
0.0195
0.0195
0.0135
0.0135
0.0000
0.0000
0.0000
0.0000

I VA

0.0000
0.0000
0.0000
0.0000
0.0000
0.0270
0.0270
0.0270
0.0270
0.0270
0.0390
0.0390
0.0390
0.0270
0.0270
0.0270
0.0390
0.0390
0.0270
0.0270
0.0000
0.0000
0.0000
0.0000

' VA

0.0000
0.0000
0.0000
0.0000
0.0000
0.0135
0.0135
0.0135
0.0135
0.0135
0.0195
0.0195
0.0195
0.0135
0.0135
0.0135
0.0195
0.0195
0.0135

0.1919
0.1637
0.1550
0.1460
0.1582
0.1701
0.1634
0.1564
0.1208
0.0858
0.0916
0.0974

wC
0.0823
0.0672
0.0640
0.0606
0.0884
0.1159
0.1568
0.4259
0.5259
0.6254
0.5491
0.4728
0.4127
0.3521
0.3333
0.3139
0.3402
0.3658
0.3515
0.3365
0.1208
0.0858
0.0916
0.0974

wC
0.0823
0.0672
0.0640
0.0606
0.0884
0.1159
0.1568
0.4259
0.5259
0.6254
0.5491
0.4728
0.4127
0.3521
0.3333
0.3139
0.3402
0.3658
0.3515

0.3810
0.4091
0.4218
0.4139
0.3823
0.3317
0.2739
0.2210
0.1321
0.1077
0.0867
0.0669

WF

0.0516
0.0323
0.0145
0.0000
0.0000
0.0000
0.0000
0.0824
0.1983
0.3255
0.4405
0.5311
0.5976
0.6426
0.6630
0.6503
0.5996
0.5187
0.3774
0.3024
0.1515
0.1223
0.0971
0.0734

WF

0.0438
0.0274
0.0124
0.0000
0.0000
0.0000
0.0000
0.0524
0.1261
0.2071
0.2803
0.3379
0.3802
0.4088
0.4218
0.4137
0.3815
0.3301
0.2712

0.2209
0.2803
0.1683
0.2697
0.2581
0.1870
0.2016
0.2077
0.2964
0.3050
0.2798
0.2700

EE

0.2859
0.2889
0.2921
0.2911
0.3064
0.3610
0.5530
0.5977
0.7077
0.6447
0.5518
0.4730
0.4327
0.4476
0.4373
0.3891
0.2344
0.2713
0.2594
0.2998
0.3927
0.4012
0.4026
0.3743

EE

0.2427
0.2337
0.2576
0.2418
0.2416
0.3306
0.2805
0.3514
0.3495
0.3106
0.2653
0.2633
0.2328
0.2276
0.2388
0.2053
0.1533
0.1569
0.1773

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

112->13;
113->14;
1 14->15;
1 15->16;
116->17;
117->18;
118->19;
119->20;
120->21;
121->22;
122->23;
123->24;

DI;

100->01;
101->02;
102->03;
103->04;
1 04->05;
1 05->06;
106->07;
107->08;
108->09;
109->10;
110->11;
111->12;
112->13;
113->14;
114->15;
1 15->16;
116->17;
117->18;
118->19;
119->20;
120->21;
121->22;
122->23;
123->24;

DI;

100->01;
101->02;
102->03;
103->04;
1 04->05;
1 05->06;
106->07;
107->08;
108->09;
109->10;
110->11;
111->12;
112->13;
113->14;
114->15;
115->16;
116->17;
117->18;
118->19;
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February wd

February we

)



0.0135
0.0000
0.0000
0.0000
0.0000

I VA

0.0000
0.0000
0.0000
0.0000
0.0000
0.0270
0.0270
0.0270
0.0270
0.0270
0.0390
0.0390
0.0390
0.0270
0.0270
0.0270
0.0390
0.0390
0.0270
0.0270
0.0000
0.0000
0.0000
0.0000

' VA

0.0000
0.0000
0.0000
0.0000
0.0000
0.0135
0.0135
0.0135
0.0135
0.0135
0.0195
0.0195
0.0195
0.0135
0.0135
0.0135
0.0195
0.0195
0.0135
0.0135
0.0000
0.0000
0.0000
0.0000

I VA

0.3365
0.1208
0.0858
0.0916
0.0974

wC
0.0823
0.0672
0.0640
0.0606
0.0884
0.1159
0.1568
0.4259
0.5259
0.6254
0.5491
0.4728
0.4127
0.3521
0.3333
0.3139
0.3402
0.3658
0.3515
0.3365
0.1208
0.0858
0.0916
0.0974

wC
0.0823
0.0672
0.0640
0.0606
0.0884
0.1159
0.1568
0.4259
0.5259
0.6254
0.5491
0.4728
0.4127
0.3521
0.3333
0.3139
0.3402
0.3658
0.3515
0.3365
0.1208
0.0858
0.0916
0.0974

wC

0.2173
0.1288
0.1040
0.0825
0.0624

WF
0.1284
0.1137
0.1003
0.0874
0.0771
0.1210
0.1443
0.2239
0.3115
0.4078
0.4947
0.5633
0.6135
0.6476
0.6630
0.6534
0.6151
0.5539
0.4285
0.3718
0.2040
0.1818
0.1628
0.1449

WF
0.1091
0.0967
0.0853
0.0743
0.0655
0.0869
0.1037
0.1424
0.1982
0.2594
0.3148
0.3584
0.3903
0.4120
0.4218
0.4157
0.3914
0.3524
0.3079
0.2672
0.1734
0.1546
0.1383
0.1231

WF

0.2376
0.2752
0.2939
0.3338
0.3455

EE
0.2862
0.2889
0.2896
0.2953
0.3016
0.3414
0.5387
0.6368
0.7051
0.6689
0.5968
0.4424
0.4596
0.4884
0.4550
0.4033
0.3070
0.2438
0.2716
0.2898
0.4043
0.3706
0.3923
0.3834

EE
0.2834
0.2826
0.2901
0.2968
0.3053
0.3544
0.3467
0.4022
0.4166
0.3711
0.3431
0.2577
0.2358
0.3056
0.2549
0.2120
0.2969
0.2909
0.2817
0.3028
0.3424
0.3804
0.3283
0.2923

EE

0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

119->20;
120->21;
121->22;
122->23;
123->24;

DI;

100->01;
101->02;
102->03;
103->04;
1 04->05;
1 05->06;
106->07;
107->08;
108->09;
109->10;
110->11;
111->12;
112->13;
113->14;
114->15;
1 15->16;
116->17;
117->18;
118->19;
119->20;
120->21;
121->22;
122->23:
123->24;

DI;

100->01;
101->02;
102->03;
103->04;
1 04->05;
1 05->06;
106->07;
107->08;
108->09;
109->10;
110->11;
111->12;
112->13;
113->14;
1 14->15;
115->16;
116->17;
117->18;
118->19;
119->20;
120->21;
121->22;
122->23;
123->24;

DI;
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March

March

April

wd

we

wd



0.0000
0.0000
0.0000
0.0000
0.0000
0.0270
0.0270
0.0270
0.0270
0.0270
0.0390
0.0390
0.0390
0.0270
0.0270
0.0270
0.0390
0.0390
0.0270
0.0270
0.0000
0.0000
0.0000
0.0000

' VA

0.0000
0.0000
0.0000
0.0000
0.0000
0.0135
0.0135
0.0135
0.0135
0.0135
0.0195
0.0195
0.0195
0.0135
0.0135
0.0135
0.0195
0.0195
0.0135
0.0135
0.0000
0.0000
0.0000
0.0000

' VA

0.0000
0.0000
0.0000
0.0000
0.0000
0.0270
0.0270

0.0823
0.0672
0.0640
0.0606
0.0884
0.1159
0.1568
0.4259
0.5259
0.6254
0.5491
0.4728
0.4127
0.3521
0.3333
0.3139
0.3402
0.3658
0.3515
0.3365
0.1208
0.0858
0.0916
0.0974

WC

0.0823
0.0672
0.0640
0.0606
0.0884
0.1159
0.1568
0.4259
0.5259
0.6254
0.5491
0.4728
0.4127
0.3521
0.3333
0.3139
0.3402
0.3658
0.3515
0.3365
0.1208
0.0858
0.0916
0.0974

wC

0.0823
0.0672
0.0640
0.0606
0.0884
0.1159
0.1568

0.0828
0.0654
0.0494
0.0340
0.0217
0.0318
0.0596
0.1399
0.2443
0.3589
0.4625
0.5442
0.6040
0.6446
0.6630
0.6515
0.6059
0.5330
0.3982
0.3306
0.1728
0.1465
0.1238
0.1024

WF

0.0704
0.0556
0.0420
0.0289
0.0184
0.0229
0.0428
0.0890
0.1554
0.2284
0.2943
0.3463
0.3843
0.4101
0.4218
0.4145
0.3855
0.3391
0.2861
0.2376
0.1469
0.1245
0.1052
0.0871

WF

0.1226
0.1077
0.0939
0.0807
0.0701
0.1098
0.1336

0.2659
0.2664
0.2633
0.2673
0.2850
0.3003
0.5384
0.6881
0.7302
0.6773
0.5714
0.5233
0.4790
0.5030
0.4873
0.4513
0.3041
0.2571
0.2478
0.2813
0.3687
0.3961
0.4053
0.3915

EE

0.3516
0.2953
0.2659
0.2735
0.2856
0.3345
0.3901
0.4001
0.3563
0.3219
0.3326
0.3093
0.2376
0.2858
0.2312
0.2553
0.3096
0.2876
0.2833
0.3228
0.2888
0.3119
0.3138
0.3037

EE

0.3328
0.2966
0.2938
0.2639
0.2631
0.3289
0.5174

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

100->01;
101->02;
102->03;
103->04;
1 04->05;
1 05->06;
106->07;
107->08;
108->09;
109->10;
110->11;
111->12;
112->13;
113->14;
114->15;
115->16;
116->17;
117->18;
118->19;
119->20;
120->21;
121->22;
122->23;
123->24;

DI,

100->01;
101->02;
102->03;
103->04;
1 04->05;
1 05->06;
106->07;
107->08;
108->09;
109->10;
110->11;
111->12;
112->13;
113->14;
114->15;
115->16;
116->17;
117->18;
118->19;
119->20;
120->21;
121->22;
122->23;
123->24;

DI;

100->01;
101->02;
102->03;
103->04;
1 04->05;
1 05->06;
106->07;
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April

May

we

wd



0.0270
0.0270
0.0270
0.0390
0.0390
0.0390
0.0270
0.0270
0.0270
0.0390
0.0390
0.0270
0.0270
0.0000
0.0000
0.0000
0.0000

' VA

0.0000
0.0000
0.0000
0.0000
0.0000
0.0135
0.0135
0.0135
0.0135
0.0135
0.0195
0.0195
0.0195
0.0135
0.0135
0.0135
0.0195
0.0195
0.0135
0.0135
0.0000
0.0000
0.0000
0.0000

' VA

0.0000
0.0000
0.0000
0.0000
0.0000
0.0270
0.0270
0.0270
0.0270
0.0270
0.0390
0.0390
0.0390
0.0270

0.4259
0.5259
0.6254
0.5491
0.4728
0.4127
0.3521
0.3333
0.3139
0.3402
0.3658
0.3515
0.3365
0.1208
0.0858
0.0916
0.0974

wC
0.0823
0.0672
0.0640
0.0606
0.0884
0.1159
0.1568
0.4259
0.5259
0.6254
0.5491
0.4728
0.4127
0.3521
0.3333
0.3139
0.3402
0.3658
0.3515
0.3365
0.1208
0.0858
0.0916
0.0974

wC
0.0496
0.0405
0.0386
0.0365
0.0533
0.0699
0.0945
0.3475
0.4292
0.5103
0.4481
0.3858
0.3368
0.2873

0.2133
0.3030
0.4016
0.4907
0.5609
0.6123
0.6472
0.6630
0.6531
0.6139
0.5513
0.4247
0.3666
0.2000
0.1774
0.1579
0.1395

WF

0.1042
0.0915
0.0798
0.0686
0.0596
0.0789
0.0960
0.1357
0.1928
0.2555
0.3122
0.3569
0.3896
0.4118
0.4218
0.4156
0.3906
0.3508
0.3052
0.2634
0.1700
0.1508
0.1342
0.1186

WF

0.1165
0.1011
0.0870
0.0735
0.0626
0.0977
0.1222
0.2020
0.2940
0.3950
0.4863
0.5583
0.6110
0.6468

0.6303
0.5890
0.5753
0.4945
0.4221
0.4126
0.4506
0.4069
0.3361
0.2679
0.1510
0.1662
0.2592
0.3590
0.3614
0.3659
0.3567

EE

0.2671
0.2721
0.2709
0.2729
0.2773
0.2591
0.3353
0.2719
0.2610
0.3099
0.2803
0.2534
0.2404
0.2536
0.2449
0.2518
0.2446
0.1910
0.2091
0.2196
0.3110
0.3083
0.3149
0.2631

EE

0.2487
0.2668
0.2713
0.2693
0.2721
0.3529
0.3876
0.4535
0.5061
0.4780
0.4141
0.3267
0.2876
0.3014

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1 07->08;
1 08->09;
1 09->10;
110->11;
111->12;
112->13;
113->14;
1 14->15;
1 15->16;
116->17;
117->18;
118->19;
119->20;
120->21;
121->22;
122->23;
123->24;

DI;

100->01;
101->02;
102->03;
103->04;
1 04->05;
1 05->06;
106->07;
107->08;
108->09;
109->10;
110->11;
111->12;
112->13;
113->14;
114->15;
115->16;
116->17;
117->18;
118->19;
119->20;
120->21;
121->22;
122->23;
123->24;

DI;

100->01;
101->02;
102->03;
103->04;
1 04->05;
1 05->06;
106->07;
107->08;
108->09;
109->10;
110->11;
111->12;
112->13;
113->14;
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May

June

we

wd



0.0270
0.0270
0.0390
0.0390
0.0270
0.0270
0.0000
0.0000
0.0000
0.0000

' VA

0.0000
0.0000
0.0000
0.0000
0.0000
0.0135
0.0135
0.0135
0.0135
0.0135
0.0195
0.0195
0.0195
0.0135
0.0135
0.0135
0.0195
0.0195
0.0135
0.0135
0.0000
0.0000
0.0000
0.0000

' VA

0.0000
0.0000
0.0000
0.0000
0.0000
0.0270
0.0270
0.0270
0.0270
0.0270
0.0390
0.0390
0.0390
0.0270
0.0270
0.0270
0.0390
0.0390
0.0270
0.0270
0.0000

0.2720
0.2562
0.2776
0.2985
0.2868
0.2746
0.0729
0.0517
0.0552
0.0587

WC

0.0496
0.0405
0.0386
0.0365
0.05633
0.0699
0.0945
0.3475
0.4292
0.5103
0.4481
0.3858
0.3368
0.2873
0.2720
0.2562
0.2776
0.2985
0.2868
0.2746
0.0729
0.0517
0.0552
0.0587

wC

0.0496
0.0405
0.0386
0.0365
0.0533
0.0699
0.0945
0.2568
0.3171
0.3771
0.3311
0.2851
0.2489
0.2123
0.2010
0.1893
0.2051
0.2206
0.2119
0.2029
0.0729

0.6630
0.6529
0.6127
0.5485
0.4206
0.3610
0.1958
0.1726
0.1526
0.1338

WF

0.0990
0.0860
0.0740
0.0624
0.0532
0.0702
0.0878
0.1285
0.1870
0.2513
0.3094
0.3552
0.3888
0.4115
0.4218
0.4154
0.3898
0.3490
0.3022
0.2594
0.1665
0.1467
0.1297
0.1137

WF

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.1004
0.2337
0.3540
0.4490
0.5185
0.5656
0.5870
0.5737
0.5207
0.4360
0.3392
0.2505
0.1123

0.2933
0.2667
0.2000
0.1808
0.2224
0.2333
0.2881
0.3230
0.3306
0.3145

EE

0.2711
0.2719
0.2654
0.2651
0.2617
0.2501
0.3724
0.3592
0.3245
0.3266
0.2899
0.2597
0.2617
0.2567
0.2716
0.2495
0.2559
0.1967
0.2669
0.2782
0.3218
0.3053
0.3217
0.3284

EE

0.2536
0.2545
0.2557
0.2549
0.2545
0.3317
0.3269
0.3989
0.4588
0.3959
0.3307
0.2692
0.2209
0.2305
0.2215
0.2046
0.1439
0.1669
0.1802
0.2100
0.2539

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1 14->15;
1 15->16;
116->17;
117->18;
118->19;
119->20;
120->21;
121->22;
122->23;
123->24;

DI;

100->01;
101->02;
102->03;
103->04;
1 04->05;
1 05->06;
106->07;
107->08;
108->09;
109->10;
110->11;
111->12;
112->13;
113->14;
114->15;
115->16;
116->17;
117->18;
118->19;
119->20;
120->21;
121->22;
122->23:
123->24;

DI;

100->01;
101->02;
102->03;
103->04;
1 04->05;
1 05->06;
106->07;
107->08;
108->09;
109->10;
110->11;
111->12;
112->13;
113->14;
1 14->15;
115->16;
116->17;
117->18;
118->19;
119->20;
120->21;
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June

July

we

wd



0.0000
0.0000
0.0000

' VA

0.0000
0.0000
0.0000
0.0000
0.0000
0.0135
0.0135
0.0135
0.0135
0.0135
0.0195
0.0195
0.0195
0.0135
0.0135
0.0135
0.0195
0.0195
0.0135
0.0135
0.0000
0.0000
0.0000
0.0000

' VA

0.0000
0.0000
0.0000
0.0000
0.0000
0.0270
0.0270
0.0270
0.0270
0.0270
0.0390
0.0390
0.0390
0.0270
0.0270
0.0270
0.0390
0.0390
0.0270
0.0270
0.0000
0.0000
0.0000
0.0000

' VA
0.0000
0.0000

0.0517 0.0777 0.3493 0.0000
0.0552 0.0478 0.3538 0.0000
0.0587 0.0199 0.2471 0.0000

WC WF EE
0.0496 0.0000 0.2575 0.0000
0.0405 0.0000 0.2594 0.0000
0.0386 0.0000 0.2534 0.0000
0.0365 0.0000 0.2551 0.0000
0.0633 0.0000 0.2489 0.0000
0.0699 0.0000 0.2317 0.0000
0.0945 0.0000 0.2404 0.0000
0.2568 0.0000 0.3144 0.0000
0.3171 0.0722 0.3298 0.0000
0.3771 0.1679 0.3000 0.0000
0.3311 0.2544 0.2530 0.0000
0.2851 0.3226 0.2379 0.0000
0.2489 0.3726 0.2013 0.0000
0.2123 0.4065 0.2087 0.0000
0.2010 0.4218 0.1928 0.0000
0.1893 0.4123 0.2259 0.0000
0.2051 0.3742 0.2137 0.0000
0.2206 0.3133 0.1379 0.0000
0.2119 0.2437 0.2293 0.0000
0.2029 0.1800 0.2572 0.0000
0.0729 0.0954 0.2866 0.0000
0.05617 0.0660 0.3273 0.0000
0.0652 0.0407 0.3250 0.0000
0.0587 0.0169 0.2575 0.0000

WC WF EE
0.0496 0.0959 0.2124 0.0000
0.0405 0.0793 0.2146 0.0000
0.0386 0.0641 0.2222 0.0000
0.0365 0.0494 0.2238 0.0000
0.0533 0.0377 0.2295 0.0000
0.0699 0.0576 0.1979 0.0000
0.0945 0.0840 0.3341 0.0000
0.2568 0.1641 0.3591 0.0000
0.3171 0.2637 0.4230 0.0000
0.3771 0.3730 0.3859 0.0000
0.3311 0.4718 0.3402 0.0000
0.2851 0.5497 0.2572 0.0000
0.2489 0.6068 0.2327 0.0000
0.2123 0.6455 0.2187 0.0000
0.2010 0.6630 0.2076 0.0000
0.1893 0.6521 0.1790 0.0000
0.2051 0.6086 0.1580 0.0000
0.2206 0.5391 0.1466 0.0000
0.2119 0.4069 0.2029 0.0000
0.2029 0.3425 0.2175 0.0000
0.0729 0.1818 0.2819 0.0000
0.05617 0.1567 0.2359 0.0000
0.0652 0.1350 0.2270 0.0000
0.0587 0.1147 0.2463 0.0000

wC WF EE
0.0496 0.1027 0.2893 0.0000
0.0405 0.0865 0.2121 0.0000

121->22,
122->23;
123->24;

DI;

100->01;
101->02;
102->03;
103->04;
1 04->05;
1 05->06;
106->07;
107->08;
108->09;
109->10;
110->11;
111->12;
112->13;
113->14;
114->15;
115->16;
116->17;
117->18;
118->19;
119->20;
120->21;
121->22;
122->23:
123->24;

DI;

100->01;
101->02;
102->03;
103->04;
1 04->05;
1 05->06;
1 06->07;
107->08;
108->09;
109->10;
110->11;
111->12;
112->13;
113->14;
1 14->15;
115->16;
116->17;
117->18;
118->19;
119->20;
120->21;
121->22;
122->23;
123->24;

DI;
100->01;
101->02;
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July we
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September

)

wd



0.0000
0.0000
0.0000
0.0270
0.0270
0.0270
0.0270
0.0270
0.0390
0.0390
0.0390
0.0270
0.0270
0.0270
0.0390
0.0390
0.0270
0.0270
0.0000
0.0000
0.0000
0.0000

' VA

0.0000
0.0000
0.0000
0.0000
0.0000
0.0135
0.0135
0.0135
0.0135
0.0135
0.0195
0.0195
0.0195
0.0135
0.0135
0.0135
0.0195
0.0195
0.0135
0.0135
0.0000
0.0000
0.0000
0.0000

' VA

0.0000
0.0000
0.0000
0.0000
0.0000
0.0135
0.0135
0.0135

0.0386
0.0365
0.0533
0.0699
0.0945
0.2568
0.3171
0.3771
0.3311
0.2851
0.2489
0.2123
0.2010
0.1893
0.2051
0.2206
0.2119
0.2029
0.0729
0.0517
0.0552
0.0587

wC
0.0496
0.0405
0.0386
0.0365
0.0533
0.0699
0.0945
0.2568
0.3171
0.3771
0.3311
0.2851
0.2489
0.2123
0.2010
0.1893
0.2051
0.2206
0.2119
0.2029
0.0729
0.0517
0.0552
0.0587

wC
0.0496
0.0405
0.0386
0.0365
0.0533
0.0699
0.0945
0.2568

0.0717
0.0573
0.0459
0.0708
0.0966
0.1766
0.2737
0.3803
0.4766
0.5525
0.6082
0.6459
0.6630
0.6523
0.6099
0.5422
0.4114
0.3486
0.1864
0.1620
0.1408
0.1210

WF

0.0815
0.0674
0.0545
0.0420
0.0320
0.0414
0.0604
0.1044
0.1678
0.2374
0.3002
0.3498
0.3861
0.4107
0.4218
0.4149
0.3872
0.3430
0.2924
0.2461
0.1545
0.1332
0.1148
0.0975

WF

0.0873
0.0735
0.0609
0.0487
0.0390
0.0509
0.0694
0.1124

0.2163
0.2296
0.2270
0.2563
0.4295
0.4931
0.5164
0.4415
0.3494
0.2744
0.2545
0.2467
0.2597
0.1927
0.1431
0.1418
0.1798
0.1997
0.2850
0.2926
0.2774
0.2782

EE

0.2098
0.2162
0.2156
0.2132
0.2154
0.2128
0.3055
0.2738
0.2664
0.2389
0.1984
0.1695
0.1650
0.1810
0.1845
0.1794
0.0766
0.0904
0.1250
0.1625
0.1770
0.2119
0.1977
0.1941

EE

0.1931
0.2090
0.2126
0.2018
0.2248
0.1941
0.2583
0.1867

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1 02->03;
1 03->04;
1 04->05;
1 05->06;
1 06->07;
1 07->08;
1 08->09;
1 09->10;
110->11;
111->12;
112->13;
113->14;
1 14->15;
1 15->16;
116->17;
117->18;
118->19;
119->20;
120->21;
121->22;
122->23;
123->24;

DI;

100->01;
101->02;
102->03;
103->04;
1 04->05;
1 05->06;
106->07;
107->08;
108->09;
109->10;
110->11;
111->12;
112->13;
113->14;
114->15;
1 15->16;
116->17;
117->18;
118->19;
119->20;
120->21;
121->22;
122->23;
123->24;

DI;

100->01;
101->02;
102->03;
103->04;
1 04->05;
1 05->06;
106->07;
107->08;
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August  we

September

we



0.0135
0.0135
0.0195
0.0195
0.0195
0.0135
0.0135
0.0135
0.0195
0.0195
0.0135
0.0135
0.0000
0.0000
0.0000
0.0000

' VA

0.0000
0.0000
0.0000
0.0000
0.0000
0.0270
0.0270
0.0270
0.0270
0.0270
0.0390
0.0390
0.0390
0.0270
0.0270
0.0270
0.0390
0.0390
0.0270
0.0270
0.0000
0.0000
0.0000
0.0000

' VA

0.0000
0.0000
0.0000
0.0000
0.0000
0.0135
0.0135
0.0135
0.0135
0.0135
0.0195
0.0195
0.0195
0.0135
0.0135

0.3171
0.3771
0.3311
0.2851
0.2489
0.2123
0.2010
0.1893
0.2051
0.2206
0.2119
0.2029
0.0729
0.0517
0.0552
0.0587

wC
0.0823
0.0672
0.0640
0.0606
0.0884
0.1159
0.1568
0.3351
0.4139
0.4921
0.4321
0.3721
0.3248
0.2771
0.2623
0.2471
0.2677
0.2879
0.2766
0.2648
0.1208
0.0858
0.0916
0.0974

wC
0.0823
0.0672
0.0640
0.0606
0.0884
0.1159
0.1568
0.3351
0.4139
0.4921
0.4321
0.3721
0.3248
0.2771
0.2623

0.1741
0.2420
0.3032
0.3516
0.3870
0.4110
0.4218
0.4151
0.3881
0.3449
0.2957
0.2505
0.1585
0.1377
0.1197
0.1028

WF

0.1680
0.1558
0.1447
0.1339
0.1253
0.1986
0.2180
0.2970
0.3700
0.4503
0.5227
0.5799
0.6217
0.6501
0.6630
0.6550
0.6231
0.5721
0.4549
0.4076
0.2310
0.2126
0.1967
0.1818

WF

0.1428
0.1325
0.1230
0.1138
0.1065
0.1427
0.1566
0.1890
0.2354
0.2865
0.3326
0.3690
0.3956
0.4137
0.4218

0.1713
0.1582
0.1355
0.1692
0.1846
0.1556
0.1852
0.2086
0.1684
0.1860
0.1454
0.1595
0.2804
0.2955
0.2378
0.2335

EE

0.2110
0.2082
0.2200
0.2189
0.2072
0.2226
0.5499
0.6336
0.6370
0.5734
0.4724
0.3727
0.4312
0.4243
0.3975
0.3391
0.2179
0.1562
0.1725
0.2221
0.3276
0.3255
0.3127
0.1881

EE

0.2277
0.2273
0.2318
0.2335
0.2461
0.2323
0.3220
0.3614
0.3438
0.2921
0.2780
0.2549
0.2533
0.2573
0.2412

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1 08->09;
1 09->10;
110->11;
111->12;
112->13;
113->14;
1 14->15;
1 15->16;
116->17;
117->18;
118->19;
119->20;
120->21;
121->22;
122->23;
123->24;

DI;

100->01;
101->02;
102->03;
103->04;
1 04->05;
1 05->06;
1 06->07;
107->08;
108->09;
109->10;
110->11;
111->12;
112->13;
113->14;
114->15;
1 15->16;
116->17;
117->18;
118->19;
119->20;
120->21;
121->22;
122->23:
123->24;

DI;

100->01;
101->02;
102->03;
103->04;
1 04->05;
1 05->06;
106->07;
107->08;
108->09;
109->10;
110->11;
111->12;
112->13;
113->14;
114->15;

169

October wd

October we

)



0.0135
0.0195
0.0195
0.0135
0.0135
0.0000
0.0000
0.0000
0.0000

' VA

0.0000
0.0000
0.0000
0.0000
0.0000
0.0270
0.0270
0.0270
0.0270
0.0270
0.0390
0.0390
0.0390
0.0270
0.0270
0.0270
0.0390
0.0390
0.0270
0.0270
0.0000
0.0000
0.0000
0.0000

' VA

0.0000
0.0000
0.0000
0.0000
0.0000
0.0135
0.0135
0.0135
0.0135
0.0135
0.0195
0.0195
0.0195
0.0135
0.0135
0.0135
0.0195
0.0195
0.0135
0.0135
0.0000
0.0000

0.2471
0.2677
0.2879
0.2766
0.2648
0.1208
0.0858
0.0916
0.0974

WC

0.0823
0.0672
0.0640
0.0606
0.0884
0.1159
0.1568
0.4259
0.5259
0.6254
0.5491
0.4728
0.4127
0.3521
0.3333
0.3139
0.3402
0.3658
0.3515
0.3365
0.1208
0.0858
0.0916
0.0974

wC

0.0823
0.0672
0.0640
0.0606
0.0884
0.1159
0.1568
0.4259
0.5259
0.6254
0.5491
0.4728
0.4127
0.3521
0.3333
0.3139
0.3402
0.3658
0.3515
0.3365
0.1208
0.0858

0.4167
0.3964
0.3640
0.3269
0.2929
0.1964
0.1807
0.1672
0.1545

WF

0.1403
0.1264
0.1136
0.1013
0.0915
0.1443
0.1664
0.2458
0.3291
0.4205
0.5031
0.5683
0.6160
0.6483
0.6630
0.6539
0.6175
0.5594
0.4364
0.3825
0.2121
0.1911
0.1730
0.1559

WF

0.1192
0.1074
0.0966
0.0861
0.0778
0.1037
0.1196
0.1564
0.2094
0.2676
0.3201
0.3616
0.3919
0.4125
0.4218
0.4160
0.3929
0.3559
0.3136
0.2749
0.1803
0.1624

0.2555
0.1969
0.1763
0.1982
0.1862
0.2395
0.2461
0.2340
0.2332

EE

0.2763
0.2715
0.2755
0.2702
0.3025
0.3449
0.6217
0.6855
0.6632
0.6556
0.5869
0.4861
0.4605
0.4533
0.4401
0.3071
0.2652
0.1871
0.2931
0.3059
0.3163
0.2900
0.2786
0.2716

EE

0.2880
0.2833
0.2838
0.2944
0.2924
0.2920
0.3693
0.3078
0.3537
0.3233
0.2417
0.1968
0.2047
0.2064
0.2024
0.1827
0.1808
0.1311
0.1611
0.2068
0.2495
0.2461

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

115->16;
116->17;
117->18;
118->19;
119->20;
120->21;
121->22;
122->23;
123->24;

DI;

100->01;
101->02;
102->03;
103->04;
1 04->05;
1 05->06;
106->07;
107->08;
108->09;
109->10;
110->11;
111->12;
112->13;
113->14;
114->15;
115->16;
116->17;
117->18;
118->19;
119->20;
120->21;
121->22;
122->23:
123->24;

DI;

100->01;
101->02;
102->03;
103->04;
1 04->05;
1 05->06;
106->07;
107->08;
108->09;
109->10;
110->11;
111->12;
112->13;
113->14;
1 14->15;
115->16;
116->17;
117->18;
118->19;
119->20;
120->21;
121->22;

170

November

November

wd

we



0.0000
0.0000

I VA

0.0000
0.0000
0.0000
0.0000
0.0000
0.0270
0.0270
0.0270
0.0270
0.0270
0.0390
0.0390
0.0390
0.0270
0.0270
0.0270
0.0390
0.0390
0.0270
0.0270
0.0000
0.0000
0.0000
0.0000

' VA

0.0000
0.0000
0.0000
0.0000
0.0000
0.0135
0.0135
0.0135
0.0135
0.0135
0.0195
0.0195
0.0195
0.0135
0.0135
0.0135
0.0195
0.0195
0.0135
0.0135
0.0000
0.0000
0.0000
0.0000

0.0916 0.1470 0.2585 0.0000
0.0974 0.1325 0.2648 0.0000

wC

0.0823
0.0672
0.0640
0.0606
0.0884
0.1159
0.1568
0.4259
0.5259
0.6254
0.5491
0.4728
0.4127
0.3521
0.3333
0.3139
0.3402
0.3658
0.3515
0.3365
0.1208
0.0858
0.0916
0.0974

wC

0.0823
0.0672
0.0640
0.0606
0.0884
0.1159
0.1568
0.4259
0.5259
0.6254
0.5491
0.4728
0.4127
0.3521
0.3333
0.3139
0.3402
0.3658
0.3515
0.3365
0.1208
0.0858
0.0916
0.0974

WF

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.1390
0.2825
0.4121
0.5143
0.5892
0.6400
0.6630
0.6486
0.5916
0.5004
0.3507
0.2662
0.1241
0.0912
0.0627
0.0360

WF

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0885
0.1798
0.2622
0.3273
0.3749
0.4072
0.4218
0.4127
0.3764
0.3184
0.2520
0.1913
0.1085
0.0775
0.0533
0.0306

EE

0.3196
0.3179
0.3180
0.3178
0.3383
0.4212
0.6375
0.7753
0.8103
0.7403
0.6329
0.5131
0.4591
0.4555
0.4571
0.3489
0.2779
0.2912
0.2215
0.3144
0.4216
0.3118
0.3279
0.3271

EE

0.3218
0.3130
0.2984
0.3060
0.2888
0.3359
0.4132
0.3603
0.4208
0.3828
0.3557
0.2740
0.3102
0.2905
0.2724
0.2524
0.2544
0.2147
0.2338
0.2590
0.3042
0.2989
0.3065
0.3207

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

122->23,
123->24;

DI; !
1 00->01;
101->02;
1 02->03;
1 03->04;
1 04->05;
1 05->06;
1 06->07;
1 07->08;
1 08->09;
1 09->10;
110->11;
111->12;
112->13;
113->14;
1 14->15;
1 15->16;
116->17;
117->18;
118->19;
119->20;
120->21;
121->22;
122->23;
123->24;

DI; !
1 00->01;
101->02;
1 02->03;
103->04;
1 04->05;
1 05->06;
1 06->07;
1 07->08;
1 08->09;
109->10;
110->11;
111->12;
112->13;
113->14;
1 14->15;
115->16;
116->17;
117->18;
118->19;
119->20;
120->21;
121->22;
1 22->23;
123->24; ~
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December

December

wd

we



